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HISTORY OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


PRELIMINARY REPORT OF THE COMMITTEE ON Soctery HIsrory 
CHAPTER V 
THE EUROPEAN TRIP OF ISS9 


144 As has already been noted, there was received by the Society, 
and presented at the Scranton meeting in October 1888, an invitation 
from Mr. E. N. Carbutt, President of the Institution of Mechanical 
Engineers, to such members of the Society as might be visiting Kurope 
in connection with the Paris Exposition of 1889, to become the guests 
of the Institution of Civil Engineers, The Iron and Steel Institute, 
and the Institution of Mechanical Engineers. 

145 Asa result of a canvass of the membership of the Society, as 
well as of the American Institute of Mining Engineers and the Amer- 
ican Society of Civil Engineers, it became evident that a large party 
desired to avail themselves of this opportunity. It was announced 
at the Erie meeting, in May 1889, that the plans for the trip were 
practically completed. 

146 Avery full report of the entire trip is included as an Appendix 
to volume ten of the Transactions of the Society, while an admirable 
review of the event formed a portion of the address of Mr. Henry R. 
Towne, President of the Society during that memorable year and 
himself one of those to whose efforts and activ ity much of the success 
of the trip was due. 


Under the direction of the Council, the Committee on Society History has 
arranged to present the results of its investigations to the members of the Society 

rhe Preliminary Report will appear in the Proceedings of the Society from 
month to month, and thus enable the matter to be open to comment during its 
completion. It is especially desired that any member who may be in the posses 
sion of facts or information bearing upon the various points as they are thus made 
public will communicate with the committee, in order that the final and completed 


report may have the advantage of the collaboration of the membership at large 
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147 it nas been chought advisable to give here that portion of 
Mr. ‘Towne’s address relating to the trip, as the best condensed 
account possible, and the following pages are therefore reprinted from 
the presidential address of 1889. 


During the year 1889 there took place an occurrence unprecedented in the 
annals of American engineering societies. A party consisting of 360, including 
their guests, went abroad as guests in the first instance of the Institution of Civil 
Engineers of Great Britain, and subsequently as guests of similar organizations 
in France and in Germany. It happened that the inception of the excursion 
came from the Institution of Mechanical Engineers of Great Britain and was 
extended to this Society as being its nearest sister on this side of the ocean. But 
as soon as the matter became noised in England, the Institution of Civil Engineers, 
which is there the parent society of all of their engineering associations, immedi 
ately claimed the right and privilege of becoming the hosts of the occasion, and 
of extending the invitations to each of the three or four engineering societies on 
this side. It followed from this that the formal invitation came directly to each 
of our American societies from the Institution of Civil Engineers. The most 
active part in promoting the project on this side was borne by this Society, but 
the other societies soon recognized the importance of the matter and all worked 
harmoniously together for the common result. It is to be hoped that the tempo 
rary union which thus arose may be the precursor of another, larger, and more 
permanent union among our American engineering societies. 

The start was made on the 25th of May on the steamer City of Richmond, carry 
ing 170 members of the party, consisting almost wholly of members of this Society 
and of the American Institute of Mining Engineers. That vessel had been 
chartered by our party expressly for the occasion and carried no other saloon 
passengers. ‘The response to the invitation was so large, however, that the over- 
flow, beyond what that steamer could accommodate, necessitated other arrange- 
ments, and so another party of 105 followed on the steamer City of New York 
on the 29th of May. There were still others who came in scattering groups, and 
some were already on the other side. 

The voyage of the City of Richmond is a memory which all of us who had the 
privilege of taking part in it will ever recall with the greatest pleasure. It was 
harmonious from beginning to end. A committee was organized on the second 
day after sailing and had sessions every day of the voyage -indeed long sessions, 
as there was much work to be done in preparation for the affairs to be carried out 
on the other side, more than any of us had realized. The members of the party, 
both ladies and gentlemen, soon became well acquainted, and the voyage came 
to resemble a large yachting party rather than an ordinary trip across the 
Atlantic. 

We reached Liverpool on Tuesday, June 4, and before we had set foot on 
English soil received a foretaste of English hospitality. There came out to meet 
us in the Mersey a tender carrying a committee of the local reception committee 
at Liverpool headed by Mr. Alfred Holt, their chairman (reputed to be the largest 
individual shipowner in the world), Mr. Daglish, Mr. West, and a number of other 
gentlemen. ‘They boarded our ship and greeted us with words of hearty welcome, 
took charge of us during the landing, facilitating our passage of the Customs 
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authorities, and from that time until we left Liverpool were ceaseless in their 
endeavors for our comfort and enjoyment. 

The City of New York arrived two days later, in the early morning, and with 
that day began the regular excursions which had been planned for our entertain- 
ment. Our hosts in England were the Institution of Civil Engineers. The 
individual members taking part in the entertainment, most of whom came 
expressly to Liverpool to greet us, were the president, Sir John Coode, Sir Frederick 
Bramwell, Sir Lothian Bell, Sir James Allport, Mr. Adamson, Sir Henry Bessemer, 
Sir Geo. Bruce, Mr. Cowper, and many others which I will not take time to name; 
but among them all no name made itself more familiar to us, or will ever be more 
warmly remembered, than that of the secretary, Mr. James Forrest 

It became necessary for the party, comprising, as it did, members of this 
Society, of the Civil Engineers, and of the Mining Engineers, together with a few 
members of the Electrical Engineers, to create some kind of an organization which 
should represent the united party during its travels in Europe. A joint com- 
mittee was appointed to accomplish this purpose, and the result of their labors 
was the selection and recommendation of the following list of officers, who were 
unanimously elected by the joint party: Mr. Whittemore as honorary chairman, 
Mr. Henry R. Towne as chairman; and as officers or associates: Mr, Chanute, 
Mr. Woodbury, Mr. Clarke, Professor Hutton, Mr. Wiley, Mr. Dempster, Mr. Kent, 
Mr. Archbald, Mr. Baldwin, Mr. Fisher, Mr. Hawkins, Doctor Torrey, Mr. Bond, Mr. 
Forsyth, Mr. Oberlin Smith, and Mr. D’Invilliers. The treasurer was Mr. Hunt; 
the honorary secretary, Mr. Emery; the secretary, Mr. Kirchhoff. It is an 
evidence of the cleverness with which the nominating committee did its work, 
that out of the 21 names above, there are 13 who are members of the Society of 
Civil Engineers, 13 who are members of the Society of Mechanical Engineers, and 
9 who are members of the Institute of Mining Engineers. The joint committee 
proved acceptable and accomplished its work satisfactorily, although the work 
proved to be much larger than would have been appreciated beforehand and 
demanded a great deal of time and care. 

Our first full experience of English‘ hospitality came at Liverpool in the form 
of a dinner given by Sir John Coode at Liverpool, the evening after the City of 
New York arrived, to a few of the officers of the joint party, followed during the 
evening by a conversazione at the Town Hall, given by the Mayor, Mr. Cookson, 
and attended by the whole of our party and a great number of ladies and gentle- 
men from Liverpool—a most brilliant assemblage. 

The next morning we divided into two parties, one going to the Mersey Docks 
under the guidance of officers of the Dock Estate, who have charge of the most 
vast and expensive system of dock construction in the world, the extent of which 
is simply marvelous, and to us in America utterly unknown. The tides in Liver- 
pool, and indeed all around the English coasts, average nearly thirty feet in 
height, entirely precluding the use of a wharf system such as we have here, and 
necessitating the putting of all vessels into docks closed by gates which are opened 
only for about an hour at high water 

The other party went through the Mersey Tunnel, a great work connecting 
Liverpool with Birkenhead, which has been recently completed under the guidance 
of Mr. Rowlandson, the engineer, and then to the Laird shipyards, where 576 
vessels have been built within the last 30 years. They were entertained at a 


magnificent luncheon served in a tent on Mr. Laird’s grounds, and then visited 
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one of the great steamers then being built for the Hamburg line—a sister ship 
of the Augusta Victoria,—and finally were brought back to Liverpool, arriving 
at the great landing stage which is used for tenders and ferryboats to deliver their 
passengers upon, said to be the greatest floating structure in the world, and hav- 
ing a total length of 2063 feet. 

The next day the party divided again: one section going to Crewe, the location 
of the great constructive works of the London and Northwestern system, corre- 
sponding to Altoona on the Pennsylvania system, where they make steel rails, 
build locomotives, and conduct most of the mechanical operations of the line. 
The extent of those works is probably familiar to all of you, but it is interesting 
to note that the capital of that great corporation is $528 000 000, with an annual 
revenue of $51 000 000, and with 60 000 employees. It is also interesting to 
note that, even in that snug little island, one railway system can control and 
operate 2500 miles of line. The Crewe works cover 116 acres of land, of which 
36 are under roof. 

The other section of the party on that day went to Horwich, on the line of the 
Lancashire and Yorkshire Railway, and inspected a similar plant there, but one 
even more interesting than that at Crewe in this respect—that while Crewe has 
grown up almost from the commencement of railway operations in England and 
is to some extent a patchwork, although a vast and most highly organized one, 
the new plant of the Lancashire and Yorkshire Railway at Horwich is entirely 
new, has been built within the last three years, was laid out and organized by 
commencing with a clean sheet of paper and an unbroken piece of ground admir 
ably chosen, and has a series of vast buildings designed harmoniously with 
reference to their intended uses and in the light of the best and latest modern 
experience, including that of Crewe. The mechanical engineer of that system, 
Mr. Aspinall, who has charge of the Horwich works, although a younger man 
than Mr. Webb, the presiding genius at Crewe, is his equal apparently in talent 
and organizing capacity, and, working as he does with this newer and more modern 
plant, is making a record which certainly will be a good second to that of Crewe 
In the manufacturing department, where they make the smaller products, such 
for example as their switch and signal apparatus, Mr. Aspinall has introduced a 
great deal of American machinery and American methods of manufacture, and 
it seemed to me that the place compared favorably with any private establish- 
ment I have ever visited. These works cover 85 acres of ground, of which 134 
are under roof. 

In the evening of that day the two parties united at Manchester, where a 
reception and banquet were tendered us at the Town Hall, presided over by the 
Mayor of Manchester and attended by a great many of the prominent citizens 
It was a delightful occasion and even more elaborate than the reception at Liver 
pool 

The next day the party visited the great ship canal between Manchester and 
Liverpool, 35 miles in length, the contract price for which was $28 000 000, on 
which 15 000 men were employed. 

The next week being the Whitsuntide Holiday or recess, was utilized for excur 
sions not connected with the engineering part of our visit. The party broke up 
into two groups, one going through North Wales, the other through the Midl ind 
counties, reuniting in London It is fitting to remark at this place that all 


through the trip the courtesies extended to the American engineers by English 
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railway officials were marked and generous to the greatest extent. The London 
and Northwestern system gave free transportation from Liverpool to London 
including a return privilege at whatever time the holder of the ticket desired, and 
other systems followed later when the party had reached London and made 
excursions from that point. 

On Thursday, the 13th of June, those wonderful eight days of hospitality in 
London began with a choral service in Westminster Abbey, conducted by Dean 
Bradley, who gave an address of welcome to our American party; then a brief 
visit to the Houses of Parliament and in the afternoon a reception by the Institu- 
tion of Civil Engineers. The latter was opened by an address of welcome from 
Sir John Coode, the president, the words of which have been beautifully illumi 
nated and framed and presented to this Society, and also to our sister societies 
here, by the Institution of Civil Engineers, and a copy hung in our new rooms 
Our party was especially fortunate in having with it at that time one of our 
oldest and most honored members, to whom was committed the duty of replying 
to the address of welcome from Sir John Coode, and who did it in a manner which 
more than fulfilled our expectations. Professor Thurston’s admirable address 
on that occasion was one for which all of our party felt grateful and of which all 
of us were proud. 

In the evening of that day a dinner was given to the party by the Institution of 
Civil Engineers in the old and historic Guildhall of London, a building which we 
were told had never before within memory been used for any purpose not directly 
connected with the civic hospitality of the City of London. It was a great com- 
pliment. The dinner was elegant beyond easy expression and was dignified and 
notable in every particular. Among the guests of the occasion were the American 
Minister, Mr. Robert Lincoln, Sir Edward Thornton, Lord Armstrong, Archdeacon 
Farrar, Dean Bradley, Sir Henry Bessemer, Sir William Thompson, Mr. Latimer 
Clarke, Sir James Douglass, Mr. Gilchrist, Mr. Mather, Sir E. J. Reed, Professor Un- 
win, and a great many others whose names are familiar on this side of the Atlantic as 
well as on the other. One of the pleasing incidents of the evening was the address 
given by Mr. Lincoln, which was worthy of the occasion and able throughout, and 
at the close of which he gave utterance to a sentiment especially complimentary 
to us and typical of the character of our times and of the change in sentiment 
which is taking place in the world. Addressing our united party of engineers, 
English and American, he said that “engineers throughout the world are doing 
more than any other agency at the present time to bring about the brotherhood 
of the nations, and to render superfluous such offices as that which I now have 
the honor of holding.” 

The next day was devoted to visits to the docks and gasworks, to drainage 
works, to the great Tower bridge across the Thames, to Greenwich, to the Yarrow 
shipyard, to various engineering works, and by a fraction of the party, to a visit 
to Lambeth Palace, where the Archbishop of Canterbury received the guests and 
conducted them personally through the edifice. On the following day, June 15 
we were taken by special train over the Great Western Railway to Windsor, 
where the Queen had given special permission for our party to go through the 
palace, and to see not only those parts which are usually open to the public but 
also the private apartments, which were exceedingly interesting A small frac 
tion of the party went on that day to the grounds of Mr. Boulton, at Totteridge, 


where they witnessed a remarkable presentation of the Midsummer Night’s 
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Dream, given in the open air. The evening of the day concluded with a reception 
tendered to our party by Lord Brassey at his beautiful house in London, where we 
saw many of the wonderful curios collected by himself and the late Lady Brassey 
during their yachting tours around the world. The following day was a Sunday, 
andonthenext day, Monday, the party went in the morning to see the Royal Palaces 
in London—St. James and Buckingham. It was one of the coincidences of this 
visit that we were greeted there with the strains of Yankee Doodle and Hail 
Columbia, the day being, as one of our party recalled, the anniversary of the 
battle of Bunker Hill. On the afternoon of this day Lady Burdett-Coutts gave 
a garden party and reception at her London residence. The following day was 
devoted to a trip to water works and pumping plants, to Hampton Court Palace 
and Bushy Park, and the day following to similar visits to railway stations and 
the great plant of the London Electric Supply Corporation, the ladies going to 
the flower show of the Royal Botanic Society; and a party of our members, 
unfortunately a small one, able to avail themselves of the privilege, spent the 
day in a visit to the residence of Professor Tyndall, who had invited as large a 
party as his house was capable of entertaining. Those who went received at 
his hands, I am told, a most cordial and delightful reception, and it is pleasing to 
mention a fact which I also learned from those who were fortunate enough to be 
there, that the response made over the luncheon table to the remarks of Professor 
Tyndall by our honorary chairman, Mr. Whittemore, were eloquent and beauti- 
fully fitting to the occasion. Other hospitalities were extended to individual 
members of the party on occasions which did not admit of their being made 
general. One or two of the London clubs gave admission to our members, as 
had also been done in Liverpool, and in every way the hospitality of our English 
cousins was cordial beyond any mere words of expression. I think that all of 
our party, in undergoing these experiences, realized that while there was of course 
a large amount of personal hospitality underlying it, and still more of professional 
welcome, the true motive prompting these manifestations from our English 
friends was that of deep and sincere cordiality towards America and Americans. 
This was made evident to us throughout the whole of our English experience, 
and it struck me that the feeling of kinship on the part of the English toward us 
is even greater at the present time than the corresponding feeling which we 
entertain toward them. We Americans look back to England as the mother 
country and as such have for it the warmest feeling of affection, but on the part 
of Englishmen there can be of course no corresponding feeling toward this country. 
The fact of the kinship of the two peoples, however, I believe is more real to 
Englishmen at the present time than it is even to us, and I think that they realize 
more clearly than we the fact that together we constitute the two branches of 
the great Anglo-Saxon, English-speaking race, which in accomplishment, especially 
in the industrial world, is at present easily the leader among the nations in the 
march of civilization. 

On June 20 our English friends again put us on a magnificent special train, 
and many of them accompanied us on it via the London, Chatham and Dover 
Railway, to Dover, and from there by a special steamer across the English Channel 
to Calais. Our crossing was on a beautiful sunny day, with bright sparkling 
water, and with no cause for discomfort. 

Upon landing on French soil we again had an immediate greeting of hospitality 
from our new hosts, represented by members of the French Society of Civil 
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Engineers, who had come from Paris fur the purpose. Again we were placed on 
a special train, tendered by the Northern Railway of France, and taken to St 
Omer and Fontinettes, to see a new and unusual canal lift which had just been 
completed there, and thence on to Paris. Our hosts during our French visit 
were composed almost entirely of members of the French Society of Civil Engi- 
neers, headed by M. Eiffel, the president this year, M. Brull, a past president, M. 
Contamin, principal engineer of the wonderful machinery palace at the exhibition, 
which was awarded, I believe, the prize of 20 000 fr. tendered by an Amer- 
ican for that feature of the exhibition which, in the opinion of a special com- 
mittee appointed to make the award, represented the highest accomplishment 
and greatest usefulness. The committee’s award was to the designers and 
builders of the wonderful machinery hall, a building having a span of 330 
ft. anda length of about 1500 ft. The other members of the reception 
committee were M. Jousselin, M. Banderali, M. Pontzen, M. Alphand, who is 
the director-general of the Exhibition, M. Garnier, the world-famous architect, 
M. Haton de la Goupilliére, who is the head of the Ecole des Mines in Paris, M. 
Gottschalk, M. Charton, and many others. A few members of the joint com- 
mittee were privileged to be the guests at a small but most delightful dinner given 
at one of the restaurants in the exhibition grounds by a gentleman whose name 
has been too little associated with this wonderful excursion, Mr. James Dredge, 
of London, the editor of the journal Engineering, and one of the leading represen- 
tatives of the English section of the late Paris Exhibition. All of our societies 
were indebted more to Mr. Dredge than to any other one person for inaugurating 
the excursion, for enlisting English and French interest in it, and for contributing 
to the success of the whole undertaking. One member of our party, the treasurer 
of this Society, Mr. Wiley, knows the facts, but they are not yet fully appreciated 
even by the members of our party abroad; and I repeat that no amount of thanks 
which we can express or tender to Mr. Dredge would cancel the obligation which 
we owe him. 

On Saturday, the 22d of June, our party went to the exhibition under the con- 
duct of members of the French Society, and were taken through a portion of it, 
and then to the Eiffel Tower, after ascending which we were entertained at a 
luncheon on the lower platform of the Tower, presided over by M. Eiffel, the presi- 
dent of the French Society, and attended very numerously by members of the 
French Society and guests, including Mr. Whitelaw Reid, the American Minister, 
and General Franklin, our commissioner to the exhibition. 

Our stay in Paris included many other visits—to the great sewers, to the 
Gobelin Tapestry Works, to M. Pasteur’s laboratory, to the Ecole des Mines, to 
the great omnibus and cab companies, to the sewerage and pumping stations, to 
Sévres Porcelain Works, and so on. The social features of our entertainment 
in Paris included, besides what I have already mentioned, receptions to a part 
or the whole of our joint party by President Carnot, by the Prefect of the Seine, 
and by the Municipal Council. It was a pleasant feature of our reception at the 
latter place that one of the speakers on our side, Professor de Garay of the City 
of Mexico, a member of the American Society of Civil Engineers and an accom- 
plished scientist and gentleman, responded most eloquently in the French lan- 
guage, as was done by other members of our party on other occasions. The 
Institution of Mechanical Engineers, which had been the first toextend aninvitation 
to us to visit England, happened to have their summer meeting in Paris just at 
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the close of our stuy there, and extended to those of our members who remained 
an invitation to their dinner and to their sessions, so that English hospitality 
followed us even on French soil. Then came the disbanding of the party, some 
returning home, others going south, and a considerable number going into Ger- 
many, where we afterward heard of them as receiving hospitality even more over- 
whelming than that which had greeted us either in England orin France. Still 
others of us came back to London, and a very small number, seven only being 
obtainable, were privileged to take part in a small but unique entertainment 
given by Mr. Dredge, again our host, in order, as he supposed, to enable us to 
present a handsome silver loving cup to Mr. James Forrest, as a token of appre 
ciation from the members of the party to him, for what he had done for us during 
our visit abroad. The committee having the matter in charge, however, appre 
ciated that Mr. Dredge was entitled to a loving-cup as well as Mr. Forrest, and 
two cups were prepared, each suitably inscribed. Each of the two recipients 
knew that the other was to be presented with a cup, but neither knew that he 
was to receive one himself, and there was a very pleasant and amusing dénoue- 
ment when the second cup came out. 

On July 22 a number of our party again came together and for the last time 
accepted the hospitality of the Midland Railway and a special car to Derby, where 
they were the guestsof Mr. John Noble, the general manager of the company, and 
several of their directors. After a handsome luncheon in the directors’ room, we 
visited their works, which are similar to those at Crewe although not quite so 
large, and ended the day by reaching Liverpool in preparation for the homeward 
voyage. The party which reassembled in this way at Liverpool, numbering more 
than fifty, came home together on the City of Paris, reaching New York just three 
minutes too late to break the ocean record. The rest of the party came home in 
scattering groups, but more than fifty of us came together once more in this city 
on the 25th of August to be the recipients of hospitalities at the hands of some 
of our friends at home, at the Engineers Club, where a handsome dinner was given 
to the returning guests, a proceeding likened to heaping coals of fire or our heads, 
the hosts being those who had not been able to participate in the pleasures which 
we had just returned from enjoying. And so ended an excursion remarkable in 
every sense of the word, absolutely unique and without precedent, and one which 
will ever be a delightful memory to those whose privilege it was to take part in it. 
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PERFORMANCE OF BELT CONVEYORS 
By Epwin J. Happocx, CoLumsus, Ou10 


Member of the Society 


Of the half dozen forms of conveyors commonly used for handling 
material in bulk, or for continuous conveying, one of well deserved 
and increasing popularity on account of its capacity, economy of 
power, noiselessness, and gentle handling of its load, is the belt con- 
veyor. 

2 This form of conveyor is a very efficient means of conveying coal, 
crushed ores, grain, small goods in packages, etc., when the transpor- 
tation is in a straight line, either horizontal, or inclined at an angle 
not exceeding, in good practice, 20 deg. 

3 Some experiments with belt conveyors, made some time ago by 
the company with whom the writer is connected, may be of interest. 
Data relating to the following points were desired: 


a Other conditions remaining the same, what will be the effect 
on the traction of changing the diameter of the driving 
pulley? 
b What is the effect of different arcs of contact on the tractive 
force exerted by the driving pulley? | 
c What is the effect of different initial tensions of the belt on 
the tractive force? 





d What is the value of rubber covered pulleys as compared 
with plain ones? 

4 An experimental belt conveyor was constructed as shown by 
Fig. 1 and Fig. 2. This conveyor was driven by a 220 volt d.e. 
motor, and the driving machinery was calibrated for torque as shown 
in Fig. 3 and Pig. 4. 


Presented at the Detroit Meeting (June 1908) of The American Society of 
Mechanical Engineers. This paper was received too late to be included in June 
Proceedings. 


The Society as a body is not responsible for the statements of facts or opinions 
advanced in papers or discussions. C55. 
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5 A prony brake was placed on the head shaft of the conveyor 
(the conveyor belt having been removed) and a pair of platform scales 
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placed under it, as shown in the illustrations. A d.c. voltmeter and 
ammeter were placed in the electric circuit, and the readings, shown 
in Table 1, taken, from which the calibration curve, Fig. 5, was 
constructed, by which the torque on the head shaft may be determined 
from any reading of the ammeter, the voltage being kept at 220. 


TABLE I CALIBRATION OF DRIVING GEAR 


. Amperes, aver- Volts, average Watts average Amperes at 
Scales Load noe ism age four obser four observa four observa 220 volts 
tadius vations tions vations 

0 0 5.0 222.0 1110 5.05 
25 225 9.87 225.7 2229 10.15 
50 450 14.25 222.5 3170 14.41 
75 675 18.87 220.0 4152 18.87 
100 900 22.75 218.0 4960 22.54 
125 1125 27.25 216.5 5898 26.81 
150 1350 32.62 218.0 7112 32.34 
175 1575 37.50 213.0 7996 56.35 


200 1800 42 00 214.0 SIRS 40 85 
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6 A12in. 4-ply conveyor belt, 158 ft. long, was placed on the con- 
veyor, @ joint being made by lapping and riveting the ends. The 
total weight of the belt was 380 lb., or 2.405 lb. per foot. The retard- 
ing brake was placed at the foot shaft of the conveyor. 

7 Experiment 1 was made to determine the effect of changing the 
diameter of the driving pulley. The tension was kept constant by 


Torque at Rim of Head Pulley in Pounds 





5 W1 MU G&G Ww S& 0 4 50 55 60 


Amperes @ 220 Volts 
Fie. 5 
EXPERIMENT 1 


measuring the sag of the belt when the conveyor was idle. This 
measurement was made both before and after each test, care being 
taken to have it uniform for all the tests. 

8 In all the tests the brake on the foot shaft was tightened until 
the belt slipped on the head pulley, and the reading was taken at that 
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moment. An average of at least four readings is given in the table. 
In each case, the ammeter read one to three amperes higher just before 
the belt slipped than it did as the belt was slipping, the hand dropping 
back to the reading again. 

9 The observations shown in Table 2 show the effect of different 


diameters of the driving pulley. 


TABLE 2 
Order of test Amperes at 220 y Diameter of pulley Belt slipped at Ib. 
in inches 
4 12 12 720 
3 19 20 855 
2 22 24 855 
1 27 30 895 
5 32 36 910 
6 354 2 885 


10 The initial tension of the belt was not measured in pounds, 

care only being taken to keep it uniform as above described. 
. 11 The belt was new and covered with the usual preservative min- 
eral powder, which was wiped off from time to time. This circum- 
stance, together with any possible errors of tension, would account for 
most of the discrepancies shown. The results clearly show that the 
diameter of the pulleys from 42 in. to 20 in. had no appreciable effect 
on the belt in question (4-ply), but that a decided falling off occurred 
in the 12 in., indicating that this pulley was too small to run with a 
belt of this thickness. 

12 From these data the writer assumes that if a pulley is not less 
than 5 in. in diameter for every ply of the belt it will exert its maxi- 
mum tractive force, the excess diameter above this being simply a 
matter of convenience for drive. If the diameter is reduced much 
below this amount, the belt will not adhere closely to the pulley, and 
therefore the complete benefit of the pressure will not be realized. 


EXPERIMENT 2 


13 The second experiment was made to determine the effect of 
different ares of contact. The conveyor was arranged as in Experi- 
ment 1, but considerable difficulty was met with in getting the 
tension uniform, and very erratic results were obtained. 

14 The foot shaft was then rearranged, as shown in Fig. 6, the 


drive machinery at the head of the conveyor being used without any 
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change, except that the snubbing idlers were modified to get the 
required arc of contact. 

15 With a 42 in. pulley on the head shaft, a 1000 lb. tension weight 
at the foot shaft, the following results were obtained, 
Table 3. 


as shown in 
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rABLE 3 EFFECT OF DIFFERENT ARCS OF CONTACT 
Arcs of contact Amperes Effective pull on Load 180 deg 
belt in pounds 100 
4or60 deg , 11 180 32 
4 or 120 deg , — 19 405 73 
4 or 180 deg. 24 550 100 
§ or 225 deg : ; 32 775 141 
3 or 240 deg : 34 840 153 


16 From this table, the curve shown in Fig. 7 was constructed. 
It will be noticed that below the 180 deg. contact, the curve is fairly 
a straight line, but above this point there seems to be a curve in which 
the traction increases at a more rapid rate. It is unfortunate that 
more observations were not taken from the 180 deg. line up to get the 
exact form of this curve. Making the curve a straight line, however, 
throws the error on the safe side. 


EXPERIMENT 3 


17 Experiment 3 was made to determine the effect of initial ten- 
sion on the tractive force: With the same arrangement of conveyor 
as in Experiment 2, including the 42 in. pulley on the head shaft, and 
the snubbing idler arranged to give a contact of 180 deg. on the drive 
pulley, different tension weights were hung on the foot of the conveyor 
and the readings shown in Table 4 were obtained. 

18 The tests are given in the order made. When the 2000 lb. 
weight was applied, the belt stretched abnormally from its length 
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under the 1500 lb. weight, the additional 500 lb. causing the belt to 
elongate about 3 ft. in the total lengthof 158ft. The belt then seemed 
to stop stretching, and remained at a constant length until the load 
was removed. As the weight was reduced gradually to 750 lb., the 
belt recovered 15 in. of this stretch, while the weight of 3000 lb. 
caused the belt to stretch 8 in. longer than the 2000 lb. weight had 


=m. 


Arc of Contact in Degrees 


0 iW 120 140 160 180 200 20 
Per Cent of Load 


Fia. 7 


done. The belt was then run under this tension for a period of 30 
minutes without changing its length to any appreciable degree. The 
belt strain of 1500 lb., caused by the application of a 3000 lb. weight, 
is equivalent to a stress of 31.25 lb. per inch per ply. No reason 
appears against using 40 lb. per inch width per ply (the manufactur- 
ers’ guarantee) as to the ultimate working strength of any rubber con- 
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veyor belt. This is the maximum value which should be allowed in 
the general equations following. 

19 From Table 4 Fig. 8 was constructed, which shows the various 
belt strains when the arc of contact is 180 deg., and the initial tension 
on the belt is known. 


TABLE 4 
Errect or Dirrerent TENSIONS ON THE SAME PULLEY 


BELT STRAIN 


Tension Weight Initial belt Amperes Effective pull 
tension on belt Maximum Minimum 

650 325 14.0 260 455 195 
800 400 16.5 330 565 235 
1300 650 24.0 550 925 375 
1500 750 29.0 690 1095 405 
2000 1000 38.0 950 1475 525 
1500 750 31.0 750 1125 375 
1250 625 25.0 575 913 337 
1000 500 22.0 490 745 255 
750 375 18.0 370 560 190 
3000 1500 56.0 1450 2225 775 


EXPERIMENT 4 


20 Experiment 4 was made to determine the relative value of 
rubber faced vs. iron faced pulleys. A 24 in. rubber covered pulley 
was compared with a 24 in. iron faced pulley, on the experimental 
conveyor, with 180 deg. arc of contact, and a tension weight of 2000 Ib. 
throwing an initial strain of 1000 lb. on the belt, the results shown in 
Table 5 were obtained, or 7 per cent in favor of the rubber faced pulley 
when the belt was clean and dry. 


TABLE 5 EFFECT OF RUBBER FACING ON PULLEYS 


Traction 








Amperes Per cent 
pounds 
24 in. iron faced pulleys..................- 24 960 100.0 
24 in. rubber faced pulleys............. Pe 254 1035 107.8 


21 This experiment was performed at two different times, with 
an interval of several weeks between, and with substantially the same 
results. In order to carry it a little further, the device shown in Fig. 
9 was provided to determine the‘effect of different conditions of the 
belt surface on rubber and iron faced pulleys. 
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22 In this figure, W represents a heavy weight on the platform 
scales; B is a 6 in. 3-ply rubber belt; P is a 24 in. iron or rubber faced 
pulley; w is a small tension weight; and L is a hand lever by which the 
pulley was rotated. When the pulley was rotated slowly by hand, in 
the direction of the arrow, the scales would indicate the amount of 
weight not lifted by the traction of the belt, and hence the belt trac- 
tion could be computed. The results are shown in Tables 6, 7 and 
8, which also show the effect of foreign material between the belt and 
pulley. 

23 When foreign material was introduced between the belt and 
the pulley it seemed to crush in between the two surfaces, so that if 
it was of a gritty or abrasive nature, it increased the tractive force, 
while a material which acted more or less as a lubricant, diminished 
that force. The abrasive material scratched the belt very much, and 
gave evidence of shortening its life. 

24 From the foregoing experiments, the following general equa- 
tions for traction may be deduced: 
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THEORETICAL BELT CONVEYOR 
Let Fig. 10 represent such a conveyor 
A, the driving or head pulley 
B, the driven or foot pulley 
7, the maximum pull on belt 
T’,, the minimum pull on belt 
F’, the tractive force exerted by the pulley A 
T',, the initial tension of belt 
i, the portion of the pulley in contact with the belt 
are of contact in“degrees 
360 
25 cisaconstant depending on the arc of contact = 2 from 0 to 


180 deg., and about 2.25 at 240 deg. For practical purposes, c may 
be taken at 2 for all ares and the errors will be on the safe side. 

26 k is a constant depending on the condition of the belt 1 for 
good dry belts, but will vary from 40 per cent to 200 per cent of this 
value under different conditions. (See Tables 6, 7 and 8.) 
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TABLE 6 IRON 


Seales i 


W=2 


90 
29 
45 
110 
7 : 80 


TABLE 7 


FACED PULLEY 


Net weight 
lifted 
Ib. 


vad 


97 
«i 


205 
193 
194 
169 
149 


137 
148 
132 
117 
147 


RUBBER FACED PULLEY 


OF BELT CONVEYORS 


Counter 


weight w Svastion 


Ib. lb. 

52 153 
52 141 
52 142 
52 117 
52 97 
52 85 
52 96 
52 130 
52 65 
52 95 











Clean dry belt........ 


Clean damp belt. . 


Damp coal dust 
ee 


Damp clay........ 
Dry slate. 
Damp slate...... 

Dry sharp sand... . 
Damp sharp sand 








Scales load Net weight Counter Traction 
W = 327 lifted weight w Ib 
Ib. Ib. : 
peveeducnonaas 109 218 52 166 
askseeneesevense 120 207 52 155 
ee er ee 152 75 52 123 
195 132 52 SO 
ee ee ee 190 137 52 85 
hkheneneee 175 152 52 100 
ee Pr eee 63 264 52 212 
aria ioe cea | 50 277 52 225 
yr ne ee ee 152 175 52 123 
Dapkde ade wade uk 152 175 52 123 
TABLE 8 
TRacTION OF IRON Facep vs. Rusper Facep Putter 

Iron faced Rubber faced] Ironfaced Rubber faced Ratio 

Ib. Ib Per cent per cent Iron =" 100 
153 166 100 108 108 
141 155 92 101 110 
142 123 92 80 86 
haknee 117 80 76 52 68 
97 85 63 55 88 
nana 85 100 55 65 117 
- 96 212 68 138 221 
130 225 85 147 173 
65 123 42 80 190 
a agabt 95 123 62 80 129 
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27 The general formulae for traction may be represented thus: 


_ 2 ; a ea lee ick 24 QickT 2ickT 
(a) FxickT, = T —T, . (T + T,) of oP ae PET 
b) TT T + T, F ; wh 4 ri 

ta" D> “feb Se tek” 8~tel 

. om om 2 + ick . 2+ ick . 2 tick 

_** M9 ick) ~ ("9 )= Foie | 


mn _, (2 — ick , (2—%ck _ (2 -—ick 
@ T.=Tloy ck) 7 2 )~? Voice ) 
27 Calling c = 2 and k =1, these formulae reduce to the fol- 


lowing for clean dry rubber belts on iron pulleys: 


@) F =2iT,=T-T,=i(T+T) = 


“Set Tod 
— T+, #F T T, 
) 4:= oe “St t2¢ 1 wf 
om 1 + 2) “a /1+i 
(9) 7 —T,(7 4) 77 0+9 = F(Q7) 


(hk) T, = r(: ai T,(1-i= F(*,.*) 


28 It should be borne in mind that 7 indicates the maximum belt 
strain, and is seldom, if ever, properly represented by F’, which is the 
pull or tractive force, and is less than 7’. 

29 © The makers of conveyor belts will guarantee a working value 
of 40 lb. per inch per ply for 7 in rubber belting, and this should not be 
exceeded. Good practice would indicate a value of 30 lb. or less per 
inch per ply. 

30 When multiple drive heads are used, the traction of each drive 
pulley should be computed separately, starting with the maximum 
belt strain 7’ for the first pulley, computing 7’,, and making 7’ for the 
second pulley equal 7’, of the first, and so on, for the number of pulleys, 
the difference between the first tension and the last one will be the 
tractive force. 
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31 ‘The following tables have been computed from the foregoing 
formulae, with the values as indicated by these experiments, for clean 
dry rubber belts on iron faced pulleys. Due allowance must be made 
for any other condition of belts. See Tables 6, 7 and 8. 


TABLE 9 
Data ConceRNING IRON PULLEYS FoR DirFERENT ARcs OF CONTACT FOR CLEAN Dry RussBer 
BeE.Ts witH A Max. Bett Srrain oF 30 LB. PER IN. PER PLY 


Belt strain pounds : : 
a ‘ Effective pull or 
Degrees contact Initial tension 7 


Max. 7 Min. 7; traction F 
100 30 17.0 23 .5 | 13.0 
110 30 16.0 23.0 14.0 
120 30 15.0 22.5 | 15.0 
130 30 14.3 22.2 15.9 
140 30 13.2 21.6 16.8 
150 30 12.3 21.2 Eva8 
160 30 11.5 20.8 18.5 
170 30 10.7 20.4 19.3 
180 30 10.0 20.0 20.0 
190 30 9.3 19.7 20.7 
200 30 8.6 19.3 21.4 
210 30 7.9 19.0 22.1 
220 30 if 18.6 22.8 
230 30 6.6 18.3 23.4 
240 30 6.0 16.0 24.0 
250 30 5.4 17.7 24.6 
260 30 4.8 17.4 25.2 
270 30 4.3 17.2 25.7 
280 30 3.8 16.9 26.2 


32 The carrying capacity of belts is largely a question of condi- 
tion of material. On the whole, a belt will carry a larger number of 
cubic feet of fine material, such as grain or crushed coal, or rock, than 
it will if the material consists largely of lumps, such as Run of Mine 
coal. In the following table of capacity, such fine material alone is 
considered, carried on a horizontal conveyor. 

33 The horse power required to drive belt conveyors is too broad 
a subject to be fully covered in this paper. It varies so much with 
the design and spacing of the idlers, and the local conditions, that no 
accurate rules applicable to all cases can be given. The following 
formula may be found useful for the average case: 














PERFORMANCE OF BELT CONVEYORS 
iH total weight of material delivered per minute 
W' = total weight of belt 
S = speed of belt in feet per minute 
h.p. =horse power 








W,=maximum weight of material on belt at any one time. 
H = total height to which material is elevated by conveyor 


(0.15 W, + 0.07 W,) S + HW 
dl 33 000 

34 This will give the average h.p. In addition an allowance of 
from 4 per cent to 6 per cent should be made for each tripper, and all 
other unusual elements taken into consideration. 

35 It is often desirable to change a belt conveyor at one or more 
points in its length, from horizontal to inclined, or to a greater incline 
by means of an upward curve, and it then becomes essential to know 
the curve assumed by an empty belt under such conditions in order 





to ascertain the minimum radius to which such a curve may be laid 
out, and the belt lay down on the idlers. 
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Let Fig. 11 represent such a condition in which 

A the head pulley 

B = the tail pulley 

C =the point where curvature begins 

D = the point where curvature ends 

i XZ and YY = Rectangular codérdinates with origin at C 

T = Maximum pull on belt at point C 

W = Weight of belt per foot of length 
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Degrees contact 


100 
110 
120 
130 
140 


150 
160 
170 
180 
190 


200 
210 


230 
240 


250 
260 
270 
280 


Width of Belt 


10 
12 
14 
16 
18 
20 


24 
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TABLE 10 
Data CONCERNING IRON PULLEYS FOR DIFFERENT ARcS OF CONTACT FOR CLEAN Dry RUBBER 
Be.its Wits Maximum Bet Srrain or 100 Per Cent per Inc Pity 


Belt strain per ce 


Max. T 
in per cent 


100 
100 
100 
100 
100 


nt 


Min. 7; T 
in per cent 


41 
38 
36 
33 
31 


29 
26 
24 
99 
22 


20 


18 
16 


13 


Initial 


63 


Db © 


bo | 


oaogw ow 
98 


r=) 


TABLE 11 
SHowine Cross Section 1n SQuAaRE Feet oF THE Errective STREAM OF MATERIAL WHICH 
May Sare.ty Be CARRIED BY Be_t CONVEYORS 


Effective Cross section 


Troughed 
Flat Belt 





Belt 
0.014 0.05 
0.025 0.07 
0.04 0.11 
0.057 0.15 
0.078 0.19 
0.102 0.23 
0.13 0.28 
0.16 0.34 


tension 
2 in per cent 


Effective pull or 
Traction F in 
per cent 


43 
47 
50 
53 


56 


59 
62 
64 
67 


69 
71 


76 
80 


82 
84 
86 
87 


Effective Cross Section 


Width of Belt 


Flat Belt 


26 0 
28 0 
30 0 
32 0 
34 0 
36 0 
42 0 
48 0 





19 


23 
27 
32 
36 
40 
57 


Troughed 
Belt 





0.40 
0.47 
0.55 
0.63 
0.71 
0.80 
1.00 
1.20 
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36 It is evident that the tendency of the belt to rise above the 
idlers on the curve as shown by dotted line, will be the greatest when 
the strain at C is greatest, and when the belt from C to D is lightest, 
that is, the tendency to rise will be greatest when the less inclined 
portion of the conveyor is loaded up to the point C and empty from 
C to D. Then according to the law of the catenary, the hanging belt 
will assume the curve of a parabola whose equation is 

2T 


X = yw Y 


from which the curve may be plotted. 

37 The belt will under the above maximum conditions never fall 
within the curve as computed from the above formula, between the 
points C and D, so that if the idlers are brought up to or a little above 
this curve, the belt will never leave the idlers. 

38 When conditions permit, the radius of the curve C to D is 
usually made 300 ft. which is generally found satisfactory for all belts. 











GAS POWER SECTION 


PROGRESS REPORT OF THE COMMITTEE ON 
STANDARDIZATION 


In order to further the work of the Standardization Committee of 
the Gas Power Section, the chairman directed some important com- 
munications which had been received by the committee to be read 
before the Section at the session at Detroit on June 25, and these 
communications are here presented in the hope that they may elicit 
further discussion from the membership. 


COMMUNICATION FROM Mr. J. R. BrBsBins 


2 Mr. J. R. Bibbins submitted the following memorandum, this 


following along the lines of the paper presented by Dr. Lucke at the 
February meeting of the Section. 


ENGINE CAPACITY 


3 In view of the uncertainty attending the indication of small high 
speed gas engines, brake horse power should be used for the present at 
least in all expressions of engine capacity. Although it is perfectly 
feasible to indicate large slow speed engines with reasonable accuracy, 
basing the rating on mean effective pressure, it is difficult to draw the 
line where the use of the indicator should cease and power measure- 
ment in brake horse power begin. To be sure, on all large engines, 
brake horse power involves in the majority of cases, a determination 
of the generator efficiency. If it is not desired to employ data from 
builders’ tests (which are always made on large machines by responsi- 
ble builders) the only alternative is to make a test in the field, which 
is not a very difficult matter as compared to the rigging necessary for a 
brake test. In figuring over the generator data of the Norton test,’ 
[ was surprised to find that a considerable range in voltage had rela- 
tively little effect upon the efficiency curve, which would seem to indi- 


1 Published in Mid-November (1907) Proceedings. 
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cate that the inaccuracies incurred in electrical efficiencies are perhaps 
no greater than in indicating. In all tests of large engines, I would 
certainly advise that both indicator and electrical readings be taken, 
if for no other reason than to check the accuracy of results. These 
should be taken simultaneously by separate observers and by signals. 
The accuracy of the graphical method of plotting these observations 
has already been demonstrated in the Norton test. 


TIME ELEMENT 


4 Capacity should be expressed on a basis of continuous operation 
for full load rating and for a definite number of hours at maximum 
overload. If a builder will guarantee maximum overload continu- 
ously, so much the better, but this is hardly to be expected, and 
would not be representative of commercial conditions. 


OVER-LOAD CAPACITY 


5 Conservative builders have consistently held down their over- 
load rating to provide for operative contingencies entirely beyond their 
control, e.g., weak gas. Thisisnot just to the engine builder alone and 
applies only to the contract for an entire producer engine equipment. 
To protect him, the range of fluctuation or at least the lower limit in 
heat value of gas, should be definitely stated, also the composition of 
the gas, as later noted. 

ALTITUDE 


6 Although the customer is only interested in the capacity an 
engine will develop at his particular altitude, it is a fact that builders 
rating at sea level have an appreciable advantage over those rating at 
say 1000 ft. (the latter to cover in general all altitudes between sea 
level and 1000 ft.). 

7 The curve herewith shows the effect of altitude with some 3 
per cent difference between the limits noted, as builders can hardly 
be expected to guarantee that at an uncertain altitude it would 
generally suffice to state altitude of works, and the committee might 
insert a table or curve showing the theoretical decrease in engine 
capacity at different altitudes. This cannot, of course, be applied 
rigidly to all types of engines, as the effect of altitude differs some- 
what, according to the design. In cases of very high altitude, how- 
ever, as Mexico and the West, ratings would naturally be based on the 
altitude of the proposed installation. A comparison of records of 
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the weather bureau shows that the variations in the barometric column 
due to local atmospheric disturbances are confined to a very definite 
range. The “power loss” curve drawn in for an altitude of 750 ft. 
will explain the statements already made in regard to the 3 per cent 
difference between ratings at East Pittsburg and those made at sea 
level. A parallel curve drawn through the point of 1000 ft. alti- 
tude, shows that a builder rating at this altitude furnishes an engine 
of 4 or 5 per cent greater capacity when running at sea level than his 
tidewater competitor. 
SPEED 


8 Normal speed should be identified as that to be attained at full 
load, intermediate ratings implying, of course, slightly higher speed, 
as determined by the speed regulation curve. 


GAS SUPPLY 


9 The general character of gas and its fuel source should be noted, 
its effective heat value under standard conditions, 62 deg. fahr. in 30 
Hg, dry, the amount of foreign ingredients present in grains per cubic 
foot, per cent free hydrogen in the mixture, temperature of delivery 
to the engine and the permissible range in pressure or suction, also the 
permissible range in heat value or with heat value. 

10 This completes the items necessary to an intelligent capacity 
guarantee. 

SPEED REGULATION 


11 A definite speed variation should be stated in terms of speed 
drop from no load to full load. Likewise momentary variations, for 
a definite range of load in terms of normal average speed. Any gen- 
eral expressions for speed regulations are certain to be ambiguous 
and to be misconstrued. Normal and momentary variation may be 
segregated as follows: Normal, to refer to change in speed after the 
governor has settled down to the new load, momentary to refer to the 
case of violent changes in load before the governor has settled down; 
in other words, total amplitude of the positive and negative loop of the 
speed curve. We might distinguish the former as normal rotative 
speed variation; the latter as instantaneous speed variation, although 
this would be something of a misnomer. As to the method of measur- 
ing speed, if we were sure of a constant speed following a change of load, 
the most likely method would be to average several minutes by speed 
counter, but as the speed is liable to change after a certain time, I 
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should think the average case would best be met by observing with 
speed counter for a period not less than one minute immediately after 
the governor has settled down. For instantaneous speeds the indi- 
cating tachometer or recording tachograph is the only means ayail- 
able. 

12 Parallel operation unless specified in terms of definite cyclical 
variation (electrical or geometric degrees, + or — mean), can best 
be covered by a general phrase based upon the supposition that an 
engine will run in parallel with another of the same characteristics 
and also with any other prime movers provided such will operate 
satisfactorily in parallel by themselves. 


ENGINE EFFICIENCY 


13 I am firmly of the belief that engine efficiency should be 
expressed in terms of effective heat value, as already outlined in my 
discussion of Professor Lucke’s paper printed in April Proceedings. 
The reasoning advanced in the National Electric Light Association 
Gas Engine Report! for the adoption of total heat value as the 
standard, is not to my mind conclusive. Until a combined gas vapor 
cycle comes into use, will we be confronted with the necessity of using 
total heat value. For the present at least, let us not confound a 
definite engine efficiency by reducing the indefinite factor of latent 
heat of H,O vapor. Engine efficiencies should be given for full, to 
half load at least. Other loads are immaterial, as not usually repre- 
senting commercial conditions of running. 


PRODUCER CAPACITY 


14 Rating of producer in terms of horse power except in a very 
approximate way, is a practice that should not be perpetuated. It 
should be rated upon its ability to gasify coal. To be sure, it would 
be technically more accurate to rate on British thermal unit output, 
standard gas. But in practice, this is impracticable owing to the 
difficulty of measuring the gas and obtaining a good average sample, 
In actual operation, the size of fuel and relative amounts of ash and 
volatile, are really the controlling factors, in recognition of which the 
simplest plan would seem to be to rate the producer on an average 
coal of known composition, providing a certain margin for increase or 
decrease in capacity, according to the presence of desirable or unde- 


sirable constituents. Should the builder desire to rate on a special 


‘By J. B. Klumpp, Gas Engineer, U. G. I. Co., Philadelphia. 
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or particular coal, he might for his own protection insert a clause 
limiting some of the constituents that might vary from time to time 
from the original sample analyzed. 

15 One screen size is not sufficient to secure a specified fuel. We 
should specify two, a maximum and minimum, to exclude both large 
lumps and fine dust. As has been brought out before, a mixture of 
many sizes packs the producer as badly as a very small fuel. 

16 The producer should be guaranteed for overload for a period 
not less than that specified for the engine. As a usual thing, the 
flexibility of producer operation will more than meet the overload 
possibilities of the engine. 


PRODUCER EFFICIENCY 


17 This can only be specified in terms of British thermal unit out- 
put involving volumetric measurement in the majority of cases 
impossible to determine except by calibrating the engine unit and 
ascertaining the efficiency by heat balance. The time element 
involved in the complete disintegration of a pound of coal to the 
form of ash is so great as absolutely to prohibit measurement of gas 
output, without the use of a meter, except by the power method. 
Calculations for the Norton test indicate a minimum length of test 
of 30 hr., during which time between 1 000 000 and 1 500 000 cu. 
ft. of gas was produced. 

18 As we are, therefore, quite dependent upon the engine, as a 
gas meter, we must necessarily be consistent and determine the 
efficiency of the producer in the same terms as the engine-effective 
heat value, i. e., ratio between heat output of standard gas, and heat 
input of fuel as fired. We have been accused of inconsistency in not 
using effective heat value of coal as well as of gas. Theoretically, 
this is correct; practically, it is unimportant, and hardly worth con- 
sideration as it involves in all cases the determination of ultimate 
analyses. Moreover Dulong’s formula, I understand, does not apply 
with any degree of accuracy to wood, peat, lignite and similar com- 
bustibles in primitive stages of formation. Until we have a more 
accurate method of determining effective heat value of solid fuels, I 
would consider it inadvisable to depart from the old method of 
bomb calorimeter. 

19 In the majority of cases producer efficiency will never be 
determined, the guarantee being made direct from coal pile to engine 
shaft. In the case of a complete test, such as at Norton, a heat 
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balance will generally be obtained, and it then is a simple matter to 
figure producer efficiency upon either total or effective basis from the 
calorimeter readings. 

20 A method of obtaining producer efficiency in a commercial 
way has been outlined in my discussion of the Norton test published 
in Proceedings for Mid-November 1907. From this it will be seen 
that the efficiency at fractional loads is well sustained and guarantees 
thereon are hardly necessary. 


PRODUCER REGULATION 


21 A point not touched upon in Professor Lucke’s paper, ‘s the 
regulating properties both as regards heat value of gas and pressure 
of the gas delivered to the engine. In at least one type of producer 
no gas holder is used. In any case the producer builder should 
specify the range of pressure to be encountered at the scrubber out- 
let, for a change of load equal to the rated capacity of the engine con- 
nected. 

22 As to quality regulation, this is entirely a matter of producer 
design, and is covered by the engine capacity clause “‘ With gas of not 
less than —— B.t.u. per cubic feet heat value.” If a separate clause 
is needed to cover instantaneous variations with load, this may be 
inserted, but it is usually unnecessary. 


HYDROGEN CONTENT 


23 Some phraseology should be used more definite than per cent 
by volume of gas to indicate the limit placed upon the hydrogen con- 
tent, this being the principal constitutent of power gas tending to 
cause trouble if not provided for. The alternative expressions are: 


a H per cent volume of gas. 

b H per cent by volume of combustible in gas. 
c Per cent heat value of gas per mixture. 

d H per cent by volume of mixture. 


24 The last appears to be the most illuminating. a conveys 
no impression of the commercial value of the gas. Thus coke oven gas 
with 50 per cent H has about the same per cent H in mixture as 
anthracite producer gas, with 15 per cent by volume of gas. is bet- 
ter in this respect. c presents widely varying values. d (based upon 
theoretical air) shows that those gases with hydrogen content of mix- 
ture below 8 per cent or even 10 per cent are suitable for power pur- 


poses. I should recommend d to be incorporated in all specifications. 
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PROPERTIES OF GASES 


25 As there exists such wide diversity in practice of computing 
heat values from different. temperatures, I would suggest a com- 
parison of authorities and the compilation of a table covering the 
following: 

26 Calorific values of different combustible constituents at 30 
in. Hg and 32 and 60 deg. fahr. Air and oxygen required for com- 
bustion. Specific heat and weight, this table to cover the ordinary 
constituents of gases as well as a number of the paraffine and olefine 
series and other hydrocarbons likely to be encountered, both saturated 
and unsaturated ;' the latter form the principal volumetric constituents 
of the gas at present used at Atlantic Refining Company. 


STANDARD GAS 


97 


27 I would suggest the adoption of a basis for computing gases 
either completely saturated with water vapor, or unsaturated (dry). 
In general practice the volumetric correction for water vapor has 
been entirely ignored, whereas the correction therefor is appreciable. 
On the basis of 32 deg. fahr. water vapor is entirely excluded by 
deducting from the total pressure of the gas the vapor tension of the 
entrained vapor at the proper temperature, which values may be 
obtained from any hygrometric table. If we use 62 deg. as a basis, 
shall we correct for saturated vapor at this temperature to reduce 
to dry gas, or assume saturated gas? If the latter, this factor should 
be embodied in a formula or chart for reducing all gases to standard 
conditions. 

AUXILIARIES 


28 In view of the widely varying practice in operating engine 
and producer auxiliaries, a definite statement of the gas, power, heat 
or coal consumption should be included in the specification. This 
may be treated separately or collectively with the producer or engine 
efficiency at the discretion of the builder, but it should always be 
included in some form. | 


Note—In further regard to the subject of effective and total heat value, I 
have figured out four typical analyses for bituminous coals: Pocahontas, Cumber- 
land, Pittsburg and Hocking Valley. The difference between total and effective 
heat value of the former is 2.75 per cent, and the latter, 3.5 per cent. This dif- 
ference is so small that it may be neglected. In fact the heats of combustion of 


1 Molecular saturation. 
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carbon and hydrogen, as applied by various authorities in Dulong’s formula, 
vary almost in this amount. This would seem to discount the criticism of our 
inconsistency in taking effective heat value of gas and total heat value of coal 


COMMUNICATION FROM Mr. J. R. Bresins 


teferring to the probability of the revision of the Standard Code 
for Testing Gas Engines Mr. Bibbins, in asubsequent communication, 









suggests that the following points should be considered. 
























THERMAL STANDARD 


29 In outlining a method of obtaining relative efficiency of asteam 
engine, the code makes use of the term “efficiency ratio,” defining 
it as 

2545 


B.t.u. per h.p. 





This is not the efficiency ratio in the generally accepted sense; it is ) 
the absolute or kinetic efficiency. The British code includes the 
same term as thermal efficiency, but elaborates with the term “ effi- } 
ciency ratio,’’ which they define as the percentage heat available in 
the Rankine-Clausius cycle, which the engine turns into useful work; 
in other words, efficiency ratio of the Rankine cycle. It seems to me 
that to apply this term to the fraction above-mentioned, is a mis- 
nomer. The term “kinetic efficiency’ suggested itself to me some 
time before Mr. C. V. Kerr presented his paper before The American 
Society of Mechanical Engineers. Mr. Kerr was criticised for using 
the term 
distinct conceptions in regard to the use of kinetic efficiency. It 


‘ec 


potential,’’ and I believe, justly, as there seem to be two 


might be better to refer to the term ‘‘ absolute,” for the fraction above ‘ 
noted, adhering to the term “efficiency ratio” when referring actual 
consumption to the ideal Rankine cycle. 

30 For gas engine work, a standard of comparison is equally as 
important as in steam, and I believe the right start has been made in \ 


adopting the air cycle, in which I am sure you are interested. Why 
should we not express our efficiencies in terms of efficiency ratio 
referred to the air cycle, in the same manner as steam efficiency is 
referred to the Rankine cycle. The same physical conception would 
thus be observed in both cases. Otherwise we are comparing steam 
engine performance referred to a certain ideal cycle with gas engine 
performance referred to the absolute standard. 
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31 The Rankine cycle assumes that the heat rejected is returned 
to the boiler at the same temperature as the exhaust steam; i. e., 
through the agency of a feed heater. Have we a direct analogy in 
the case of the air cycle, or must we consider the rejected heat as 
lost? 


GAS MEASUREMENT 


32 The code does not define the point at which gas should be 
measured. Assuming the holder as the only practical means of 
quantitative measurement, pressure and temperature readings must 
be taken close to the holder outlet, although volumetric correction 
should be made for the difference, if any. During the Norton test, 
gas at the holder was from 20 to 30 deg. cooler than at the engine, 
owing to the fact that the engine supply main ran through the base- 
ment for a considerable distance, uncovered, and close to the hot 
exhaust. 

33 Assuming that a standard will be adopted for the hydro- 
metric condition of the gas, either dry at 62 deg., or saturated at 62 
deg., will it be necessary to take hydrometric readings of both gas 
and air entering the engine, along with the other readings, in order to 
determine the humidity of the mixture before combustion? 

34 When analyses and calorimeter tests are being made simul- 
taneously, it is of considerable advantage to take readings with the 
two sets of instruments at the same time. Otherwise, a considerable 
yariation between computed and observed British thermal units will 
result, which does not necessarily imply inaccuracy of observation, 
but simply variations in the quality of the gas between the times 
of making the two sets of observations. 


JACKET WATER 


35 Volumetric measurement should be made at inlet to cover 
loss by vaporization in running the jacket water hot. As the outlet 
water is composed of sc veral different water circuits running at 
widely different temperiutures, it is necessary that the thermometer 
be removed far enough from the engine to insure a good mixture, 
and yet not so far as to make the radiation loss from outlet piping 
sufficient to lower the reading. It is evident that the outlet ther- 
mometer should be so placed as to incur a very low jacket loss. 
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INDICATORS 


36 For gas engine work, would it not be well to recommend 
or perhaps specify that indicators of the outside-spring type be 
employed? This will certainly be in the interest of accuracy, as the 
calibrations will be much less affected by the temperatures encoun- 
tered. The steam code does not absolutely disbar the taking of suc- 
cessive cards from one indicator after another, and tolerates the use 
of three-way piping. To be sure, a short indicator connection is 
advocated. In gas engine work this is all the more important, and 
there seems to be no alternative but individual indicators and 
observers. Furthermore, cards should be taken at the same instant 
by signal, and at least two complete cards should be traced before 
lifting the pencil. It is seldom that two consecutive cards are 
exactly the same, as occurs in steam work, and in order to obtain 
anywhere near consistent results, duplicate and simultaneous cards 
would seem desirable. 

37 Prof. Marks,inhis paper before the Detroit meeting, brings up 
the question, “What is indicated horse power?” which occasioned 
acrimonious discussion in Germany between Professors Schroeter, 
Schoettler, Stodola, Riedler and Diesel. It would seem that The Amer- 
ican Society of Mechanical Engineers cannot avoid passing upon this 
intricate subject. Both schools have perfectly logical arguments in 
their favor. One contends that mechanical efficiency should be only 
an index of mechanical workmanship, and consequently should 
include only friction loss, not losses incurred for the purpose of 
increasing the thermodynamic efficiency. The other school is in 
practical agreement with the present standard steam code of the 
United States and Great Britain in deducting all negative cards, giv- 
ing the gross mechanical efficiency, if we may so term it. There are 
just two suggestions I wish to make in this connection. 

38 First: It is absolutely impossible to discriminate in the two- 
stroke cycle, between pump loss, considered simply as mechanical fric- 
tion, and that part which contributed to the higher efficiency of the 
succeeding power card. The first loss should certainly be included in 
the term, ‘‘ mechanical efficiency,’ the second should be strictly so 
included. 

39 Second: Considering that the four-stroke cycle does its own 
pump work, whereas the two-stroke cycle requires auxiliary pump 
work, is it from any conceivable standpoint fair to compare the indi- 
cated horse power developed by the two engines by simply taking the 
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net card in the one case and the gross positive card in the other, or 
even taking the positive cards in the two cases? Yet, some of the 
two-stroke cycle engine builders advocate the former under the 
specious plea that the negative loop of the four-cycle card is traced 
in connection with the positive card and cannot be disassociated. To 
make the comparison strictly accurate, can we avoid the use of the 
net card in all cases, whether pump work is done separately or in 
the power cylinder? 

40 With opinion so evenly divided, the only way out of the muddle 
is a definite phraseology, and I believe we should adhere to the present 
practice of deducting all negative areas, but the net area result should 
not be labeled by the general term “indicated horse power,”’ but by 
some such term as net, or effective indicated ‘horse power. The 
difference between the total and effective card in the case of the two- 
cycle, or the Diesel engine, is entirely too great to be ignored. 


SPEED 


41 The present code declares ‘“‘that there is no recognized stand- 
ard for fluctuating speed,” which I presume covers both cyclical 
variation in reciprocating prime movers and momentary variations 
due to sudden changes in load. Is there any reason why this ambig- 
uity should not be cleared up? 


STARTING AND STOPPING 


42 The present code refers to the code on boiler tests for an out- 
line of the method of starting and stopping fuel tests. The latter, 
however, is practically silent as far as any information is concerned 
pertaining to the closed ash pit producer; in fact, it is not particularly 
definite regarding jthe water-sealed, continuous typeproducer. The 
problem is, of course, relatively simple with the small 20 h.p. suction 
producer holding but a small quantity of fuel. We may start 
with the producer full of fresh fuel and simply correct for the remain- 
ing unburnt carbon at the end of the test; but with a 200 or 300 h.p. 
suction producer, or one of the Loomis Pettibone type, this method 
is impracticable, as we found on the Norton test. The only alterna- 
tive is the flying start and stop, beginning the test after a preliminary 
run of such length as will insure that all the original coal has passed 
through to ash. In other words, that a normal fire bed exists with 
the fuel at different levels in varying stages of combustion. Then a 
test of any length may be run through with-every assurance that 
the proper amount of coal had been charged, providing the level be 
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maintained uniform by removing ash and charging fuel regularly. 
This procedure would require at least a 24 hr. preliminary run, fol- 
lowed by a minimum test run of 24 hr.—preferably 48 hr. If a 
closed bottom producer will not run continuously this length of time 
without the necessity of cleaning fires, what procedure is to be 
adopted? I confess this is a very puzzling question. 

43 In testing plants running only ten hours per day, the boiler 
code suggests that the start and stop be made just before banking for 
the night. This banking is a very delicate procedure in producer 
work, inasmuch as standby losses are so small. In fact, they are so 
small that the judgment of one man as against another would make 
a very large variation in the apparent standby coal consumption. 
Assuming that the test covered several standby periods, the problem 
would not be so difficult, but in the 24 hr. or even 48 hr. test, the 
difference in judgment of the two men in bringing the fire back 
to the same condition at banking time, would be likely to vitiate 
entirely the accuracy of the test for scientific purposes. Some method 
covering these points in producer testing, should be outlined. 





COMMUNICATION FROM Mr. H. F. Smitu 





44 Mr. H. F. Smith submitted the following points to the Stand- 
ardization Committee, dealing principally with the questions of 
producer performance, guarantees, and terminology, with the especial 
intention of eliciting discussion upon these points: 

45 Professor Lucke in his excellent presentation of this matter 
to the Society, makes the following general divisions: For engines: 
first, capacity; second, efficiency; third, regulation. For producers: 
first, capacity; second, efficiency. 

46 The writer cannot help but feel that while the question of 
producer regulation may not be of such vital importance as engine 
regulation it is nevertheless sufficiently important to receive some 
discussion at this time. We will, therefore, endeavor to discuss 
briefly, first, producer capacity; second, producer efficiency; third, 
producer regulation. 

47 It is possible to use as a’ basis for producer capacity 


a The horse power that can be developed in a gas engine sup- 
plied with gas from the producer. 

b The volume of gas generated in unit time. 

ce The weight of coal gasified in unit time. 

d The thermal energy delivered in gas in unit time. 
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48 To discuss these briefly: a This designation of capacity is 
really only applicable to a complete power installation. The total 
output in horse power depends quite as much on the engine per- 
formance and efficiency as on the producer equipment and this may 
be dismissed as not applicable to producers but to combined instal- 
lations of producers and engines under one guarantee. 

49 6 This designation is incomplete as it is meaningless unless 
qualified by a specification as to the quality of each unit volume 
of gas in which case it is simply a form d. 

50 c This designation is also incomplete unless modified. A 
boiler furnace will convert into gaseous form large amounts of coal, 
but it cannot be said to have any capacity as a gas generator in the 
usually accepted sense. However, this designation in connection 
with a properly specified efficiency could be made a reasonable basis 
of producer capacity. 

51 d This method of rating is already adopted as standard for 
many forms of apparatus. Electrical machinery is perhaps the 
best known example. 

52 The capacity of an electrical generator is designated in kilo- 
watts, this being the measure of the amount of energy the machine 
is capable of delivering for whatever purpose it may be required. 

53 It would be the writer’s present opinion, therefore, that an 
expression indicating the thermal energy delivered in gas in unit 
time could be used as a measure of the capacity of any producer 
employed for any purpose. 





54 A unit for the measurement of producer capacity being 
assumed, we can begin to consider other matters having influence on 
the capacity of the plant. Two considerations come at once to 
prominent notice as exerting a marked influence on plant capacity. 


a The net available area for the passage of gas through the 
apparatus. 

b The rate at which the chemical reactions involved in the 
production of gas can be brought to completion. 


55 a By this is meant not so much the area of piping and con- 
nections as the net area within the fuel bed or the sum of the areas 
of the interstices between the particles of fuel. This is influenced 
greatly by the size of the fuel as fired. Large sizes of uniform dimen- 
sions give the most porous fuel bed, smaller sizes causing a decrease 
in available area. The worst possible case is found in a fuel consist 
ing of a mixture of sizes. 
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56 b This appears to depend on, first, superficial area of fuel 
exposed to the action of the blast; second, time of contact between 
fuel and blast; third, temperature of fuel and blast at time of contact. 

57 The first and second items are intimately concerned with the 
size of the fuel. In a given machine, increasing the size of the fuel 
decreases the superficial area of contact and increases the time of 
contact by decreasing the velocity of blast flow through the fuel bed. 
Conversely, decreasing the size of fuel increases the area of contact 
and decreases the time of contact. Evidently, therefore, for a given 
operating temperature there will be a certain size of fuel that will 
give maximum capacity, and loss of capacity will result from increas- 
ing or decreasing the fuel size. 

58 Third item: Obviously, the higher the temperature carried 
within the producer the more rapidly will the necessary chemical 
reactions take place and therefore the higher will be the producer 
capacity. Practical limits in this direction are set by the charac- 
teristics of the ash carried in the fuel and also to some extent by the 
quantity of the ash. 

59 The percentage of volatile matter in the coal will also have 
an appreciable influence on the producer capacity. It might be men- 
tioned here that since we have assumed as the unit of producer 
capacity thermal energy delivered, it would seem logical to consider 
all limiting factors in the same light. Accordingly for purposes of 
comparison it would be convenient to figure the percentage of ash 
and volatiles not on a pound base but on a British thermal unit basis, 












e. g.: 
Ash per 
B.t.u. Ash per 10 000 B.t.u. 
coal pound pound 
ER csc et ineseuntnesauees i4 900 0.08 0.057 
PE Cictxkn cased eek x aeweenee —- tee 0.08 0.107 
















Likewise, take the volatiles in the above coals 





Volatile per 


B.t.u. Volatile 10 000 B.t.u. 

coal per pound pound 
Pennsylvania ‘ .. 14 000 0.17 0.121 
er bas aah Piet 7 500 0.28 0.37 





Thus for a given producer output on the Texas coal it would be 
necessary to handle twice the ash and three times the volatiles that 
would be required with the Pennsylvania coal, even though on a 
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pound base the ash would appear the same and the volatiles in the 
ratio of about two to one. 

60 It is apparent that a definite limit to the practical operating 
temperatures that may be carried within the producer is set by the 
fusibility of the ash, i. e., by its tendency to “clinker.” This, there 
fore, becomes a limiting factor as regards producer capacity. 

61 It would appear that for the protection of the purchaser, the 
output of the producer in available thermal energy should be dis- 
tinctly specified, while for the protection of the manufacturer the 
limiting conditions of performance will be 


a The sizing of the fuel as fired. 

b The fusibility of the ash. 

ec The quantity of the ash per unit of thermal energy in the 
fuel. 

d The quantity of volatile matter per unit of thermal energy 
in the fuel. 


EXAMPLE CAPACITY GUARANTEE 


62 This producer shall be capable of delivering in gas 1 000 000 
B.t.u. per hour continuously when operating on coal; which shall pass 
over a screen with 4 in. square openings and through a screen with 
1 in. square openings; which shall contain not to exceed 10/100 
lb. of ash or 5/100 lb. of volatile matter per 10 000 B.t.u. of ther- 
mal value; which will permit an operating temperature of 2000 
deg. fahr. without fusing the ash sufficiently to form clinkers. 

63 An overload of 25 per cent can be carried continuously with 
a rise in fuel bed temperature of not to exceed 400 deg. fahr. 


PRODUCER EFFICIENCY 
64 This involves a consideration of 


a Thermal efficiency. 
b Efficiency of cleaning and scrubbing apparatus. 


65 a The thermal efficiency of a producer may be expressed as the 
quotient of the total thermal energy delivered in gas by the total 
thermal energy of the fuel used in its production. It is of course 


essential that the same methods of determining thermal energy be 
applied to both gas and fuel. 
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66 6 The cleaning efficiency of the scrubbing apparatus will usu- 
ally consist of a determination of the amount of tar, dust or other 
solid matter carried in the gas. 

67 <A clause covering the question of efficiency might read as 
follows: This producer is guaranteed to deliver in gas at rated load, 
75 per cent of the heating value of the fuel used. (If efficiency 
guarantees or other than rated load are required, these should be 
specified in the same way.) 

68 The gas shall be delivered from the scrubbers with not to 
exceed 0.04 gm. of solid matter per cubic meter. 


PRODUCER REGULATION 


69 This evidently relates only to the character of the output under 
varying conditions of load. 

70 Very many items seriously affect producer regulation but as 
nearly all of these are directly under the control of the designer it is 
unnecessary to discuss them now. 

71 The principal irregularities may be classified as 

a Variations in gas quality under steady conditions of load. 
6b Variations in gas quality under variable loads. 

72 Specifications covering these points may be worded as fol- 
lows: 

73 When operating at rated load the gas shall have an average 
heating value of about 135 B.t.u. per cubic foot and shall not vary 
to exceed 5 per cent either way from the mean value. With a change 
in load amounting to 50 per cent of the rated capacity of the plant 
the change in heating value shall not exceed 10 per cent of the mean 
value. 

74 A determination of the quantities used as a basis of the 
guarantees previously outlined involves primarily a definition of 


just what shall be considered the thermal content of the gas as pro- 
duced and of the fuel as fired into the producer. If the producer 
efficiency is to be accurately determined it is essential that the same 
standards be adopted in the one case as in the other. There seems 


to be a disposition among engine builders to favor the use of the 
so-called low value for gas containing hydrogen, and there is no 
objection and some possible advantage in this procedure. The 
thermal energy of the gas may be defined as the heat liberated by the 
complete combustion of 1 cu. ft. at 760 mm. pressure and 60 deg. 
fahr. temperature, the products of combustion being cooled to 
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60 deg. fahr. but water vapor due to combustion of hydrogen not 
condensed. 

75 The definition of the thermal energy of the fuel should be 
stated in the same way, viz: the heat liberated by the complete com- 
bustion of one pound of fuel, the products of combustion being cooled 
to 60 deg. fahr. but water vapor due to combustion of hydrogen not 
condensed. 


76 In order to be of practical value, a performance guarantee 
must be stated in terms that are readily determinable. A test to 
determine producer capacity and efficiency when conducted inthe 
usual and orthodox manner involves the use of quite an elaborate 


array of instruments and apparatus not to mention the services of a 
corps of trained observers. In addition if any tolerable degree of 
accuracy is to be attained the test must extend over a considerable 
period and should be continuous to avoid the introduction of errors 
through undeterminable standby losses. 

77 Such test involves for 

a Producer output: 
volume readings. 
1 Metering gas < pressure readings. 
temperature readings. 
2 Determining calorific value of discharged gas. 
b Producer input: 
1 Total weight of coal gasified during test. 
2 Average calorific value of coal gasified. 

78 The difficulties in attaining even approximate accuracy in 
the determination of the first item under each heading are well under- 
stood. Determining the volume of gas delivered involves the instal- 
lation in the gas line of some form of meter. The expense and diffi- 
culty in this alone is usually sufficient to prohibit the conduct of an 
efficiency test. Even when the apparatus is provided, the proper 
calibration of the instrument and the determination of and correc- 
tions of pressures and temperatures involve a great amount of careful 
and accurate work, and give opportunity for the introduction of 
serious errors. The greatest difficulty, however, lies in the exact 
determination of the weight of coal gasified. A producer of 200 h.p. 
capacity, for example, will contain as a normal running charge about 
12 000 lb. of fuel. This would be sufficient to operate the plant at 
full rated load for six days of ten hours each. In other words, ash 
from coal fired on Monday morning would not be discharged over the 
grate until Saturday. 
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79 ‘The usual method of noting the coal required to cover the 
shrinkage in volume of the fuel bed produced by a run of ten or 
twelve hours could hardly be expected to give results of more than 
approximate accuracy under such circumstances. 

80 In order to avoid some of the difficulties involved in determining 
producer efficiencies in the usual manner, the writer has made use of 
a method which while open to some objections seems capable of 
enabling one to secure quickly and easily and without use of any 
expensive or complicated apparatus at the place of test, data sufficient 
to permit the determination of producer efficiency with a considerable 
degree of exactness. It is the writer’s wish to present this method 
briefly for the consideration of the comittee in the hope that if it is 
not already in general use, it may possibly be evolved and elaborated 
into a useful and practical method. 

81 To consider in the first place the simplest case versus the 
determination of the efficiency of a producer operating on true 
anthracite coal, i. e., gasifying carbon. 

82 For such a determination it will be necessary to secure at the 
plant: 


a An average sample of the coal fired. 
b An average sample of ash from the producer ash-pit. 
ec An average sample of gas generated. 


83 a An average sample of coal can be easily secured by the usual 
method of sampling. If great accuracy is desired, each day’s supply 
can be sampled for a week previous to the test, the result being an 
average sample of the coal then in the producer. 

84 6 A true sample of ash as discharged can be secured by saving 
all the ash from several days run and sampling by the usual method 
of crushing and quartering. 

85 c An average sample of gas can easily be secured by inserting 
a sampling tube in the gas main and drawing gas from the tube into 
a container slowly and continuously throughout the time over which 


it is desired to determine the average efficiency. Simple apparatus 
for this sampling is so well known as to make further description 
unnecessary. 


86 These samples being secured the observer’s work at the plant 
is completed and the samples can be removed to the laboratory for 
the completion of the test. 

87 Here each sample is submitted to chemical analysis, and if it 


is not deemed desirable to depend on the analysis for the determina- 
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tion of the heating value, the coal and gas samples are submitted to 
test in a suitable calorimeter. 4 To illustrate further, let us assume 
that the several determinations were as follows: 


Coal by Ash by Gas by Gas by Weight 
weight weight volume’ weight of carbon 
0.75 ae 20 8.4 15.9 

83.20 Mec boas 50 = . 0.3 0.4 
16.05 —-— 7 23.4 

penis 100 —T ae 2.0 

100.00 Me « . 48.4 58.0 


100.0 100.0 


Calorifie value, 12 485 Calorifie va'ue, 135 B.t.u. cu. ft. L. value standard 
gas. 

Weight 

of gas 
er 0.010368 

Rie ia 6 ods rr . 0.000267 

, isaewunet 0.015385 

Mekeivekacaowans ; ' 0.001301 

_ rene eee ....-0.037955 


Wt. cu. ft., gas standard pressure and temperature .........0.065276 


88 These data being at hand we may reason as follows: The car- 
bon contained in the fuel fired into the producer can escape from 
the apparatus at two points only: first, through the grate with the 
ash; second, in the form of gas. 

89 We note from the coal analysis that each pound of coal has 
associated with it 0.1605 lb. of ash. We find from the ash analysis 
that for every 0.1605 lb. of ash discharged into the ash-pit, there is 
carried along with it 0.20 K 1%? = 0.0401 lb. of carbon. Evidently, 
therefore, of the 0.832 lb. of carbon contained in each pound of coal 
0.0401 lb. are wasted in“ash and 0.7919 lb. converted into gas. We 
also note that 1 cu. ft. of this gas when reduced to standard con- 
ditions of pressure and temperature weighs 0.065276 lb. From the 
gas analysis we find that 14.54 per cent by weight iscarbon. There 
is, therefore, 0.065276 0.1454 = 0.00949 lb. of carbon in each cubic 
foot of gas produced. 

90 Since 0.7919 lb. of carbon are gasified for each pound of coal 
fired, we conclude that there are generated 0.7919 + 0.00949 = 83.4 
cu. ft. of gas per pound of coal. Since each pound of coal represents 
12 485 B.t.u. we would fire into the producer 12 485 + 83.4 = 148.7 
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B.t.u. in coal for each cubic foot of standard gas produced. The 
heating value of the gas being 135 B.t.u. per cubic foot the producer 
efficiency would be ,4%°, = 90 per cent. 

91 In extending the application of this method to producers 
gasifying bituminous fuels the process is complicated by the necessity 
for establishing a definite ratio between the fuel burned and the con- 
densible hydrocarbons, lampblack, etc., that pass away from the 
apparatus in the scrubber water or remain deposited in various clean- 
ing devices. It is not a matter of very great difficulty, however, to 
determine this with a very fair degree of accuracy, and any desired 
degree of accuracy can be attained by increased care. A con- 
venient method consists in drawing off a definite volume of hot 
unscrubbed gas and determining carefully the nature and weight 
of condensable matter and particularly the weight of deposited carbon 
per cubic foot of gas. This weight of carbon added to the weight 
of truly gaseous carbon, gives the true weight to divide into the car- 
bon content of the coal in determining the volume of gas generated 
per pound of fuel fired. The remainder of the calculation remains 
as above illustrated. 


92 It will be noted that, unless the heating value of the coal is to 


be determined from analysis, it is not necessary to carry the analysis 
to completion, a determination of carbon and ash being all that is 
required, 


93 This discussion of ways and means is perhaps apart from the 
real purpose of the committee, but its apparent simplicity as com- 
pared with the unwieldly heat balance determination is my excuse for 
callingitto yourattention. Itis perhaps open to more serious criticism 
than has yet come to the writer’s attention. 

94 Very simple and satisfactory methods are already available 
for determining the purity of producer gas and as well for detecting 
and measuring variations in gas quality. 


COMMUNICATION FROM Mr, J. B. Kitumpp 


95 Mr. J. B. Klumpp, a member of the Gas Engine Committee of 
the National Electric Light Association, submitted the following 
communication upon the subject of the heating value of gases. 

96 The heating value of gases has generally been expressed as the 
gross or total heating value, although the expression “‘net heating 
value’’ has been at times erroneously used in this connection. The 
true heating value of a gas is undoubtedly the total heat you can get 
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by burning this gas and reducing the products of combustion to the 
initial temperature of the inflowing gas and air; in other words, the total 
heat produced by the gas burning when the water vapors formed in 
the products of combustion are condensed to a liquid. This is the 
value obtained when burning the gas in a calorimeter that is operated 
according to certain definite specifications. 

97 In many experiments with gas calorimeters I have found that 
the surest way to get confirming readings is to have the gas, water 
and air all at the same temperature, preferably about 60 deg. fahr., 
and to operate the instrument so that the products of combustion 
leave the calorimeter at the same temperature as the inflowing gas 
and air. Owing to the construction of the best forms of calorimeter 
in use today, it is sometimes necessary to lower the temperature of 
the incoming water slightly to obtain these results, but this should not 
materially affect the readings, providing we maintain the gas, air and 
products of combustion at the same temperature. Maintaining these 
temperatures alike reduces the likelihood of error in heating excess 
quantities of air, or the water vapors entrained in the air. 

98 Many of the gas engine manufacturers suggest that the latent 
heat in the products of combustion is never available for power in a 
gas engine; this is undoubtedly true, but so is much sensible heat, 
as it is impossible to discharge the exhaust below certain definite 
temperatures. 

99 The so-called “net” or “available,” or ‘effective heating 
value,” as used in writing contracts or guarantees, are misnomers, 
and economizing appliances could be attached to some appliances to 
produce results over 100 per cent, if these terms were considered. 
If it is necessary to use such a term, why not consider the expression 
“effective power value’ as expressing this lower value, but not the 
net heating value? 

100 The latent heat in the products of combustion is not lost 
until the gas and air necessary for combustion are raised at least 
to 212 deg. fahr. when the sensible heat then amounts to a consider- 
able proposition of the total heat lost, and should the exhaust of the 
calorimeter, water heater, gas engine or any appliance reach a tem- 
perature as high as 500 deg. fahr., it will be found in many commercial 
gases that the sensible heat lost will more than exceed the latent 
heat lost; then the net heating value would be very much lower than 
that generally quoted as the net value. 

101 It might be well to express this “effective power value’’ as 
being the true heating value, less the latent heat contained in the 
water vapors in the products of combustion. 
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102 I think your committee will agree with me that the present 
net or effective heating value is a wrong term, and that, as there is 
no question among the interested parties as regards the scientific 
description of this term, we might get together on a suitable expression 
that will describe the heating and power values in a true manner. 


COMMUNICATION FROM Mr. ARTHUR WEST 


103 All of the suggestions made by Mr. Bibbins had been pre- 
viously discussed during our mutual connection with the Westinghouse 
Machine Company. They represent very closely my own opinions 


upon the matters in question. I do not think I could express my 
views along this line any better than Mr. Bibbins has done and would 
therefore ask you to consider them expressions of opinion in a general 
way from me as well as from Mr. Bibbins. 

104 Referring also to the copy of letter sent to you by Mr. J. B. 
Klumpp, I have the following comment to make: 

105 The term ordinarily in use in gas engine and producer con- 
tracts is gas having so and so many effective British thermal units. 
It seems to me that Mr. Klumpp’s objection would be met if all 
parties interested agreed that the term “effective British thermal 
units” should be construed to mean British thermal units effective 
in producing power. The difference of opinion existing on the sub- 
ject seems to me to originate in the fact that some users of the term 
mean British thermal units that are effective in producing heat and 
others British thermal units effective in producing power. If a rigid 
definition of the term “effective British thermal units’? were thus 
agreed upon, no confusion could result. 

106 The heat in the exhaust from a gas engine is not now avail- 
able for power, hence I desire to support the contention of the 
gas engine builder that this reckoning be based only upon British 
thermal units that are effective for power purposes. It is of no 
interest or value to the gas engine builder or user to know that the 
exhaust contains heat in the form of uncondensed steam produced 
by chemical action in the gas cylinder, if such heat cannot be con- 
verted into power. 

107 On the other hand, there are parties who employ gas for 
heating purposes exclusively, who properly use guarantees based upor 
the total operating heat value of the gases, since all the units are 
available for producing heat but only a portion of them for producing 
power. 
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THE BY-PRODUCT COKE OVEN 
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Mr. J. R. Brssins_§ It is fortunate that this subject of by-product 
coke ovens has been brought before the Society by Mr. Blauvelt at this 
time, especially with the promise of a demonstration upon so large a 
scale. The by-product coke oven offers so many interesting phases of 
commercial development that it is difficult for the layman to under- 
stand the reasons for its somewhat limited present application. Yet 
a more careful study of the operation of the large by-product coke 


plant soon reveals the necessity for the codrdination of many impor- 
tant factors, any one of which might operate to disturb the balance of 
the whole. 


2 To the outsider the most interesting phase of coke manufacture 
is the production of by-products. The Detroit installation serves as 
an illustration of the use of by-product gas for illuminating or power 
purposes. It is the popular impression that the sale of by-product 
gas for this purpose represents clear profit without any difficulties 
or embarrassments encountered in the guarantee of an uninterrupted 
supply of gas. Although there are many factors to be considered it 
is true that under certain conditions power generation from by-product 
coke gas is commercially profitable, both to the supply company and 
to the customer. At a reasonable price for gas, power may be gen- 
erated at a cost per kilowatt so far below the cost of steam power as 
to preclude the use of steam entirely. 

3 In this connection some data regarding the first coke oven gas 
installation of large size in this country may be of interest. This 
development has taken place at Lebanon, Pa., where two large by- 
product coke plants are in operation, one of the Semet-Solvay and 
the other of the United Otto type. Until about a year ago there was 
no opportunity to dispose of the by-product gas from either of these 
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plants, and all the surplus was allowed to go to waste. In 1907, two 
power projects were developed—one to operate the works of the 
American Iron and Steel Company, and the other to establish a large 
gas engine plant near the ovens to furnish power for the ovens and 
mines supplying them, and to transmit a large amount of surplus 
power to the city of Lebanon for public utilities. The first of these 
plants was installed in 1907 and has been in continuous operation 
since, from gas piped several miles under moderate pressure from the 
Semet-Solvay coke plant. The second project will be actively pushed 
forward within the next few months. Both employ horizontal double- 
acting engines of the twin-tandem type of 500 and 1200 h.p. capacity 
respectively. 

4 At the time of this first Lebanon installation very little was 

definitely known concerning the possible success or failure of this kind 
of gas,as the only precedents in this country were a small vertical 
single-acting engine at Syracuse and alarger engine at Camden, N. J., 
which was in commission for several years, operating on poor gas 
from the last half of the coking run. 
5 The results of a year’s operation at Lebanon have been ex- 
tremely satisfactory. Trouble anticipated from excessive hydrogen 
content has not developed, and after some experimenting for sulphur 
removal, no serious trouble has resulted from the somewhat high sul- 
phur content. At the outset, the builders stipulated a maximum 
content in the gas of 50 per cent hydrogen by volume and 0.02 gr. of 
sulphur per cubic foot. Both these limits have been exceeded with- 
out resulting trouble. Although pooled gas (i.e., run-of-oven) is 
supplied, the hydrogen content at times runs as high as 66 per cent 
by volume, and the sulphur 14 gr. per cubic foot. 

6 This sulphur exists in the form of H,S and CS, in varying pro- 
portions. The gas is purified in rectangular oxide purifiers contain- 
ing iron oxide sponge prepared on the ground. By giving proper 
attention to this apparatus and renewing one layer of oxide each week, 
the sulphur may easily be reduced to 80 or 85 per cent of the original 
content, which runs from 24 to 4 gr. per cubic foot in the crude gas. 
This leaves about 0.6 gr. sulphur in the gas supply to the engine, 
much more than was originally considered safe. 

7 As to the effect of sulphur upon the engine, it apparently passes 
through the combustion cycle without difficulty, provided three 
simple remedies are employed: 

a To insure absolute separation of the water and gas around 
the cylinder valves or packing; 


ee 
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b To flush the rods thoroughly with continuous streams of 
engine oil; 

c To maintain the piston cooling water circuits at a fairly high 
temperature, sufficient to prevent condensation and the 
consequent formation of acid. 

8 In all modern designs, a continuous return lubricating system 
is employed. It is a simple matter to provide a small stream of oil 
in front of each packing cage, which returns to the filter and is again 
pumped through the system without loss. 

9 A fairly high piston water temperature is advantageous, not 
only from the sulphur standpoint but to facilitate lubrication as well. 
In fact most of the packing trouble experienced in the early days of 
the horizontal design was found to be due to running the rods too 
cold, as a matter of precaution. 

10 During the early experience of the Lebanon plant, the sulphur 

reduction decreased for some time to a point as low as 50 per cent, or 
2.0 gr. per cubic foot at the end of the week. Recently a measurement 
of the rod diameters showed that the reduction during the year had 
been extremely small, and at one packing could hardly be detected. 
This seems to indicate that in a proper design and with necessary 
precautions the sulphur problem is not so serious as anticipated. 
tecently this engine was operated six hours on crude unpurified gas 
containing over 3 gr. of sulphur, and has been so operated at inter- 
vals during the past year. With normal lubrication the rods tended 
to run dry in places, which might cause considerable trouble at the 
packing, but by flushing the rods with a small stream of oil, this 
trouble was immediately corrected. 

11 One important phase of the Lebanon situation is the relative 
value to the coke oven operator of principal and by-products, and 
herein lies the crux of the application of coke oven gas for power pur- 
poses. The power user of course desires a guarantee of uniformity of 
quality and continuous supply; and this necessitates the operation 
of the ovens for the purpose of delivering the by-product even in 
periods of decreased demand for coke, tying up the capital of the ope- 
rator in stored coke, to his serious embarrassment. At Lebanon the 
gas is supplied by contract that fixes the rate, but not the supply, 
which is dependent on the operation of the coke oven plant. This 
provides cheap power and heat for the consumer, and relieves the 
coke oven operator of the above objection. On the other hand, this 
arrangement would be entirely unsatisfactory to a consumer contrac- 


ting for a definite service unless he took the precaution of installing 
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a relay producer equipment. Such a plant has already been installed 
at Lebanon to provide for a contingency of this nature, and at the 
prevailing low price of producer apparatus would certainly be cheaper 
in the long run than to employ steam power, providing the coke oven 
gas could be obtained at a reasonably low figure in comparison with 
coal. This whole question therefore resolves itself into an economic 
one which both producer and consumer must solve. 

12 Another point of interest in regard to the Lebanon installa- 
tion is that it is an alternating current system with generators solid 
coupled, and operating at a frequency of 40 cycles per second. The 
unit operates regularly in parallel with an adjoining steam plant con- 
taining both tandem and cross-compound steam engines. At this 
intermediate frequency no trouble whatever has appeared in parallel 
operation. 


Mr. C. M. Barser Mr. Blauvelt’s paper is certainly a very 
valuable contribution to our knowledge of coke manufacture. The 
writer would like, however, to advance a few ideas in regard to the 
cooling of coke. 

2 That the oven heat of coke from by-product ovens can be 
removed without the use of water is a proposition that the writer 
has demonstrated to his own satisfaction. The proof is based on 
the fact that the largest single pieces that are usually discharged 
from the Semet-Solvay oven, if isolated from contact with the mass, 
will cool without combustion in the open air. 

3 A charge of good coke when pushed from the oven while it has 
a high temperature is not undergoing combustion. The term 
“quenching” implies combustion. We would substitute the word 
‘cooling’ on the ground that the coke when ready for discharge 
from the oven has parted with all those components of the coal which 
would ignite when exposed to the air. The coke itself, if properly 
handled, does not ignite. The process therefore it seems to us is 
one of cooling rather than of quenching. 

4 Ifthe mass is simply spread out so that the largest pieces practi- 
cally lie by themselves the coke will give up its heat just as a newly 
rolled bar of steel cools in the open air. 

5 By discharging the coke from one oven directly upon a con- 
veyor, say, 6 ft. wide by 150 ft. long, the average thickness would be 
less than 3 in. Considering a block of 30 ovens and allowing 22 
hours for coking, an oven is discharged on an average every 45 minutes. 
Five such conveyors could be arranged to give a cooling period of 
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about three hours which would simply mean that the coke is detained 
about three hours on its trip from the ovens to the furnace. 

6 In Fig. 1, A, B, C, D and E are conveyors, each about 150 ft. 
long by 6 ft. wide. They are adapted to receive the coke from a 
block of 30 Semet-Solvay ovens. A and B displace the ordinary 
coke car and its track. The top of A is about one foot below the floor 
of the oven and receives the charge of any oven of the block. C, D 
and E may be located directly over A and B. @ is an elevator 
having buckets adapted to receive the coke from B and discharge it 
on to C. A and B are coupled to work together at the same speed 
which is variable and controlled. 

7 The operation is as follows: The contents of an oven is slowly 
discharged by the coke pusher in the usual way onto the conveyor A, 
at any point X. The man operating the conveyors regulates the 
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Fig 1 ARRANGEMENT OF CONVEYORS FOR RECEIVING AND DISCHARGING COKE 


speed of A and B so as to distribute the entire contents of the oven 
over about 150 ft. of conveyors A and B. 

8 This carries the charge to about the point marked Y on con- 
veyor B. He then continues the movement at any speed he wishes 
until the point Y has arrived at the discharge end of conveyor B, 
when he locks his lever at a speed just sufficient to discharge the 
entire contents of the one oven from conveyor B on elevator @ in 
about 45 minutes, which will leave conveyors A and B empty when 
it is time to use them for the next oven. 

9 The operation already described will require from about three 
to five minutes, or the usual time of discharging an oven plus the 
time for completely covering conveyor B, making the whole opera- 
tion not more than an average of about six minutes. 
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10 Elevator G and conveyors CU, D and EF are all run at one uni- 
form speed of about 150 ft. in 45 minutes, and the coke is finally dis- 
charged at K into a*car or in some cases directly into the bins at 
the blast furnace. 

11 The above is a general description, showing the lines upon 
which the apparatus can be worked out. 

12 The advantages of cooling coke from the oven temperatures 
to that required for handling without the use of water are almost 
too apparent to require noting here. We may, however, call atten- 
tion to the effects of dashing upon the incandescent coke quantities 
of water sufficient to cool it to blackness in a few seconds. Coke 
hasacellular structure. The cell walls are hard and vitreous. Struck 
with a hammer good coke will often ring like crockery. It contracts 
considerably on cooling. The almost instantaneous cooling cracks 
and breaks it very much as. the same treatment would break almost 
any like substance. We know that glass, furnace slag, cast iron and 
many other substances fly to pieces when suddenly cooled with water. 
The watering of incandescent coke is always accompanied by crack- 
ing, snapping sounds caused by the disintegration of the coke. We 
know too that a considerable amount of the breeze is caused by the 
effect of the water. 

13 The delivery of coke to the furnace bin with a low content of 
moisture is the aim of the coke maker, but the difficulty of getting 
the water to the interior of the pile as it lies on the car is considerable. 
In fact no water reaches the inner part until the outside is over- 
watered and the ideal conditions of leaving just sufficient heat to 
completely dry the coke before the car reaches the bins is practically 
impossible to realize. 

14. We believe that it will be conceded that coke cooled without 
water is harder, stronger and will stand dropping into bins with less 
breakage. The quantity of breeze will be less, and since the coke 
is in larger pieces and not full of shrinkage cracks, there will be less 
of it lost by the dissolving action of the carbon dioxide gas in the 
upper zones of the furnace. 

15 The increased value of the coke will far more than doubly 
repay the probable cost of 750 ft. of conveyors moving at a speed of 
3 ft. per minute. 


Mr. C. G. Atwater The discussion which I have to offer on Mr. 
Blauvelt’s complete and well considered summary of the by-product 
coke oven situation up to date, consists of the operating figures of 
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the industry in this country for the year 1907, which naturally were 
not available at the time the paper was written. These figures have 
been compiled from reports made to me by all or nearly all, of the 
oven operators. The courtesy of these gentlemen, among whom is 
Mr. Blauvelt himself, it is proper for me to acknowledge here. 

2 The total figures are given in the following table: 
OPERATING DATA FOR BY-PRODUCT COKE OVENS IN U. 8S. FOR THE YEAR 1907 


Coal carbonized, net tons. deat abate Pate alae “a 7 391 285 
Coke produced, net tons........ ve ; 5 492 425 
Tar produced, U. 8. gallons....... 53 393 495 


Ammonium sulphate, or sulphate equivalent, produced, net tons 62 700 
Gas produced and sold, cu. ft. (from reports and estimates)......12 588 000 000 
fotal gas produced beyond that used for oven heating, cubic feet 


estimated ee ..15 500 000 000 


») 


3 These items I will discuss in order: The coal carbonized in 
1906 in by-product ovens, as given by the U. 8S. Geological Survey, 
was 6 192 068 net tons, or something over a million tons less than 
was carbonized in 1907. Similarly, coke they produced in 1906 was 
4 558 127 net tons, very close to a million tons of coke behind the 
1907 figures. The yield of coke per ton of coal, which was 73.6 per 


cent in 1906 was 74.3 per cent in 1907, this difference being probably 
due to the increased carbonization of low volatile coal yielding a 
high coke percentage, in the last year. 

4 The total coke production of the United States was but three 
or four hundred thousand tons greater in 1907 than in 1906, as 
nearly as preliminary estimates can ascertain; therefore it may be 
seen from the previous statement that the gain in total coke produc- 
tion was all due to the by-product oven, and that the production 
from beehive ovens actually fell off to some extent. Up to the last 
two months of the year the coke production from both sources 
promised to be ahead of any previous year, but the industrial depres- 
sion intervened, and the beehive ovens, being better adapted to shut- 
ting down and starting up again on short notice, naturally suffered 
first. If we assume that the total production was 37 000 000 net 
tons, which is probably beyond the actual figure, the proportion of 
by-product coke produced is very close to 15 per cent. For the 
year 1906, as shown by the figures given in Mr. Blauvelt’s paper, 
the percentage was 12.5 per cent, so that the year 1907 will probably 
show a good advance here, as was to be expected from the other 
figures. If we review the figures for years past, as given in the paper 
above-mentioned, we find that such an advance from year to year has 
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occurred several times, and that the by-product coke oven has made 
steady progress since its introduction. 

5 The production of tar in by-product ovens in 1905 is given as 
36 379 854 gal., the report on this product, as well as that on gas 
and ammonia, having been omitted for the year 1906 by the Geologi- 
cal Survey. The figure given in the table for 1907 shows an increase 
of something over 17 000 000 gals.,01 about 47 per cent for the 
two years. The actual yield of tar per ‘net ton of coal carbonized 
was 7.22 gal. in 1907, 7.86 gal. in 1905 and 7.77 gal. in 1904. This 
decrease in tar per ton of coal is due to the increasing use of the 
lower volatile coals, to which cause the increased yield of coke was 
also ascribed. Though these coals give lesser yields of gas and 
ammonia, as well as tar, they give an excellent quality of coke as 
well as a larger quantity, so that their use will probably increase as 
time goes on. 

6 The production of ammonia, in the form of ammonium sulphate 
or its equivalent, amounted to a little less than 62 700 net tons, or 
about 17 lb. of sulphate per net ton of coal carbonized. When it is 
considered that this figure covers all the vicissitudes of operation 
throughout the whole industry, it must be regarded as a very credit- 
able one indeed, though doubtless still capable of improvement. 

7 The figure for gas produced and sold cannot be regarded as 
strictly accurate, as some of the items included in it are estimated. 
It is intended to represent the amount of gas from by-product ovens 
that actually came upon the market, on the same basis as city gas 
or natural gas. Some of it was used for heating steel furnaces or 
glass furnaces or for steam making, or for direct power generation in 
the gas engine, but a good proportion of it was used in general city 
distribution, either alone or in combination with carburetted water 
gas. It does not include gas from all the plants, however, as some 
are operated on low volatile coal which produces only enough gas to 
heat the ovens themselves properly, and at other plants the gas is 
not sold at all, but used for raising steam or for other purposes around 
the plant, or is wasted. The amount of coal carbonized at the plants 
reporting their gas as all or partly sold was about 5 600 000 net tons, 
or there was about 2250 cu. ft. of gas disposed of per net ton of coal 
carbonized. It is believed that this figure is, if anything, below the 
actual facts, rather than above. 

8 The figure for gas total produced beyond that needed in heating 
the ovens is intended to include the gas used for steam raising or 
other purposes around the coke plants themselves, wasted for lack 
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of an immediate use or by leakage in distribution, or that for any 
other reason cannot be included in the figure for gas sold. The 
amount is estimated in many instances, but such estimates are made 
on a very conservative basis. 

9 ‘To turn to another phase of the by-product coke oven subject, 
viz., the use of coke oven gas in the gas engine, I would like to ask 
a question. It has been stated to me as a point developed in experi- 
ence with a coke oven gas containing considerable sulphur that the 
piston rod of the engine lost its lubrication and became dry when the 
cooling water in the rod was allowed to get too cold, but that if the 
water was kept up to a moderately high temperature, the oil adhered 
better and the danger of scoring the rod appeared to be less. Such 
an action might be attributed to more condensation of acidulated 
moisture on the cooler rod, hence more removal of the oil than when 
the moisture and acid vapors remained volatile and went off in the 
exhaust. I would like to know whether anyone has had experience 
with sulphurous gases that bears upon this point, and whether the 
explanation suggested is in accordance with our knowledge of the 
somewhat obscure reactions that take place in the cylinder of an 
internal combustion engine. 


Pror. R. H. FerNatp Referring to the acticn of sulphur on gas 
engines, we operated the engines in the government testing station in 
St. Louis for 24 years and used no purifier. Weused bituminous coals, 
lignitesand peats. The highest percentage of sulphur in any fuel used 
was 8.2, contained in California lignites. These fuels were used without 
cleansing as far as the sulphur was concerned and we had no difficulty 
at all with the engines so long as we carried out the scheme of Mr. 
Bibbins for keeping the water away from the sulphur. We carried 
the gas directly into the engine and discarded the purifier. When 
the plant was removed we left the purifier in St. Louis and have made 
no use of it since. 


Mr. JoHn C, ParKEeR Two points brought out by Mr. Bibbins’ 
very interesting discussion and his citation of the Lebanon plant 
present themselves to the speaker as being of especial interest. 

2 Mr. Bibbins has referred to the sale for power purposes of such 
by-product gas as may occur and to the use of this by the customer 
as it may be generated. I should like to inquire what source of supply 
is used during the period when the coke ovens have not a sufficient 
supply of by-product gas to furnish the necessary demand of the gas 
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engines. It is economically possible for the customers to carry stand- 
by producer plants? 
3 The other point involves the determination of price in the sale of 


any economic utility. Two things determine the sale price: the cost 
of production and the value of the utility rendered. In the case of i 


by-product sale the cost of production is indeterminate between 
that of the fundamental product and the by-product, but the com- 
pound cost of production is very definite, depending upon the ratio 
upon which the fundamental product and by-product may be sold. 
If there is a large demand for one of the products, which, for the sake 
of discussion, we will call the fundamental, the price of this will tend 
to rise and in order to dispose of the by-product the price of it must 
be marked by the value—in competition—of the utility rendered. 
If in the early days of the business this price is placed to meet compe- 
tition it is likely to be set ata very low figure which may induce a 
comparatively large demand. It would be difficult, however, to 
raise the price as in the sale of any public utility there is a general 
prejudice against the raising of price forany reason whatever. Where 
by-product gas is sold in competition with other forms of power it 
might seem that there would be a danger of over sale resulting in 
forcing the main product to become a by-product as has happened in 
so many industries. In the case of the sale of a public utility, such as 
gas for power purposes, is it possible to refuse arbitrarily the sale of 
power gas before such a condition is reached; or is a different method 
used to prevent the growth of a demand which may necessitate the 
manufacture of the fundamental product in quantities beyond the 
economic market value, thus running down the profit on the funda- 
mental product ? 


Mr. G. J. RatrHpun A manufacturer of lubricating oil stated to 
me that he was having trouble with lubrication of piston rods on a gas 
engine, where the*gas was known to be high in sulphur. I advised 
him to run hot water through the rod instead of cold and he after- 
wards stated that this overcame the difficulty. 


POWER PLANT OPERATION ON PRODUCER GAS 
By Goprrey M. §S. Tart, PUBLISHED IN JUNE PROCEEDINGS 
Mr. C. W. Lummis I have seen several of these plants operating 
and they work very well. The company with which I am connected 
has built a few producer plants which have been equipped with this 




































POWER PLANT OPERATION ON PRODUCER GAS 927 


apparatus and they are giving very satisfactory service. On account 
of the large amount of nitrogen which is introduced with the engine 
exhaust into the producer the efficiency of the producer is somewhat 
lower than when the heat of the primary combustion is used to 
decompose steam. Improved methods of 1egulating the steam supply 
to the produce: have resulted in such fine running plants that it would 
be a mistake to assume it is necessary to install the system advocated 
by Mr. Tait in order to have an entirely successful plant. 

2 ‘The idea of putting the gas under pressure is a very good one 
but the simple fan exhauster isin my opinion preferable to the pusitive 
exhauster on account of increased ease of control. This is especially 
desirable when more than one engine is to draw gas from one gas line. 


Mr. H. F. Smirn There is no question but that a variation in 
the percentage of hydrogen in the gas is the cause of serious diffi- 
culty in operating gas engines. Our company solves the problem, 
not by eliminating the hydrogen, but by controlling it. I am in- 
clined to believe that the use of exhaust gases containing a large 
amount of inert nitrogen would result in a material loss in producer 
efficiency. 


Mr. E. P. Coteman_ I do not know that such experience as | have 
in mind is exactly pertinent to the subject of gas power, but it has 
to do with gas producer practice for an open hearth furnace in which 
an attempt was made to substitute carbonic acid for steam as the 
endothermic reagent. 

2 The experiment, at least during the time of my connection with 
it, was not successful, and I am credibly informed that it was 
finally abandoned. The gas seemed to be of too low a heating value 
for that kind of work, and we were unable to continue the operation 
of the producer for a length of time sufficient to get any quantitative 
results from it. That is to say, we were able to continue only until 
the furnace became so cold that the melter refused to operate longer 
and a return would be made to normal operation with steam. 

3 Other troubles were due to the fact that in order to equip for 
the experiment cheaply, no provision was made for cooling the gases 
taken from the furnace stack, and in an attempt to force a sufficient 
quantity of the hot mixture through the usual air-supply piping, the 
fan was finally speeded up to a peripheral velocity of about three 
miles per minute. Then again during the operation of the reversing 
valves, some gas would escape to the stack-flue, thus producing an 
explosive mixture which would occasionally get into the fan piping. 
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Mr. C. J. Davipson I understood Mr. Tait to say that he experi- 
enced difficulty in obtaining results which have been obtained in 
Europe because of the fusibility of our ash. If he refers to bitumin- 
ous coal I would like to ask Mr. Tait where and to what extent it has 
been found successful in Europe, but if it applies to anthracite coal 
I withdraw the question. I spent some time there about a year 
ago and endeavored to get some information upon that subject, but 
I was unable to find anyone who was even enthusiastic over the 
possibility that bituminous fuel would ever be a satisfactory fuel for 
gas engines. 


Mr. H. W. Pecx I have known several cases where the producer 
gas engine plant has not proven its reliability. An important point 
in this connection is the length of time plant will operate without 
shut downs. The greatest drawback apparent in any published 
reports on gasengine plants is their unreliability. I would like to ask 
Mr. Tait the remedy for this unreliability in producer gas engines, 
and whether the performance is becoming such as to disprove these 
reports. 

2 At the National Electric Light Association convention at 
Chicago the amount and character of attendance and supervision 
desirable for a gas engine plant was made very prominent. It seems 
to be a general opinion that a good machinist or a good all around 
mechanic secures much better results than a steam engineer in oper- 
atingsuchaplant. He is betterequipped mentally and better adapted 
to meet the troubles which he is liable to experience. 


Mr. F. H. Stittman’_ A very good gas engineer has told me if he 
wanted a good man for a gas engine plant he would not take one of 
the steam engineers as they almost always made a failure. He 
wanted me in my own case to take a man of intelligent character but 
not an engineer, and he would guarantee that within a week he would 
be a much better overseer of the plant than would an engineer. 
In reference to Mr. Tait’s producer, I will say, that at the time of the 
meeting in New York I was just starting up a producer of a peculiar 
type. The producer has not been a success for the reason that the 
interior is practically one piece of fire brick and was intended to use 
fine coal. Clinker formed, and when we did break through the clinker 
and got the coal in the producer running as it should we burned holes 
through 12 in. of the fire brick bed. Mr. Tait is now at work on it 
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and we shall probably have the producer operating within the next 
month under his system. 


Mr. H. W. Jones’ I think nothing has been said about illuminat- 
ing gas engines, and I know of no branch of the business so badly in 
need of conference as this one. In Chicago there are about 700 gas 
engines, 550 operating with illuminating gas and 150 with natural gas. 
Why do some of these engines give so little trouble and others so 
much, and what can we do to change this condition? I have over- 
sight of all these engines and we have yet to find one complaint either 
as to reliability or cost of gas where the engine has had proper care and 
attention by the maker as well as the user. When complaints are 
made, we find that low compression or faulty ignition or some mechan- 
ical defects are responsible. 

2 What can we do about it? I have reason to expect that some 
members of this Society will interest themselves in the matter, for 
we need them in illuminating gas engine work. 

3 In reference to Mr. Tait’s producer gas plant, I desire to say 
that I have visited the plant and the engine was operating perfectly 
and, it seemed to me, the producer as well. During my stay in the 
engine room (about three hours) the engineer was not called up from 
his chair on account of engine or producer. 


Mr. J. R. Brssins Mr. Tait appears to consider of great impor- 
tance the suppression of hydrogen in producer gas in order to secure 
an absolutely fixed ignition point, and even considers this more impor- 
tant than the production of a gas of high heat value. I believe he has 
over-estimated the importance of securing a fixed ignition point, and 
even if this were desirable, it is accomplished at too great a cost. 
Moreover the elimination of hydrogen would be a very small factor 
in effecting such regulation in gas quality as to make it possible to 
run with a fixed ignition. Producer gas unavoidably varies in com- 
position and heat value and the engine operator compensates for this 
variation by changing the mixture and ignition. So many other fac- 
tors bear upon the point of ignition that the elimination of hydrogen 
is but a small step in that direction. 

2 But most important, Mr. Tait raises a question upon which he 
should further enlighten us. As I understand him, it is plain that in 
the combustion of a complex mixture of gases, each having a different 
rate of flame propagation (that is, ignition point), the more rapid gases 
burn out first and the more sluggish last; in other words the mixture 
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is progressively “honeycombed” as the combustion progresses, 
necessitating, as is claimed, a different time of ignition for each con- 
stituent. It seems hardly possible that with finite speeds of flame 
propagation and the intimate mixtures of various combustible con- 
stituents, any other than a resultant effect would be produced; i.e., 
an average speed of flame propagation dependent upon the relative 
proportions would obtain, and with it a single definite ignition point 
would be required. 

3 This is evidently a precise scientific problem, and if it has been 
proven that combustion is not synthetic, so to speak, the results would 
be of extreme interest. But the gas engine in actual operation seems 
to recognize only average combustion effect and the adjustment 
of the ignition point is a relatively simple matter. 


HORSE POWER, FRICTION LOSSES AND EFFICIENCIES 
OF GAS AND OIL ENGINES 


By Pror. Lionet 8. Marks, PUBLISHED IN May PROCEEDINGS 


Mr. Henry Harrison SuPLEE As a discussion upon the paper of 
Prof. Lionel S. Marks, the Secretary of the Gas-Power Section of the 
Society was requested to contribute to the published discussion an 
abstract of the controversy which took place before the Verein deut- 
scher Ingenieure, concerning the true mechanical efficiency of the 
modern internal combustion engine. 

2 As that discussion covered many pages of the Zeitschrift of that 
Society, and aroused a somewhat acrimonious controversy, it has 
been thought best to give simply a summary of the essential points 
involved as forming an introduction to the paper of Professor Marks, 
and to refer those who may be interested in the details of the dis- 
cussion to the reports of the German Society. 

3 At the forty-fifth annual convention of the Verein deutscher 
Ingenieure, held at Frankfort-am-Main, on June 6, 1904, Professor 
tiedler delivered an address upon the subject of large gas engines, 
in the course of which he called attention to the fact that the deter- 
mination of the mechanical efficiency of such machines presented 
important differences from the accepted conditions for the steam 
engine. 

1 In the case of the steam engine, the mechanical efficiency 


is taken as the ratio between the brake horse power and the indicated 


horse power. For the earlier four-eyele gas engines this practice 
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_had been followed without comment. When, however, the two- 
‘ycle gas engine came into use, the charge of air and gas was partially 
compressed in a separate cylinder, and the question arose as to 
whether the work absorbed by this compression cylinder should be 
deducted from the indicated power of the engine, or whether it should 
be left as a separate matter. Professor Riedler cited a report made 
by Professor Meyer, of Berlin, upon a 500 h.p. Oechelhauser 
engine, in which the pump horse power had been subtracted from 
the indicated horse power before the computation of the mechanical 
efficiency. 

5 That this question possessed more than an academic signifi- 
cance appears in the fact that had the resistance of the compression 
pumps not been deducted from the indicated power before the com- 
putation of the mechanical efficiency, the latter would have been 
nearly 8 per cent lower than appeared in the report of Professor Meyer. 

6 The discussion upon the paper of Professor Riedler led to the 
appointment of a special committee, consisting of Messrs. Schéttler, 
Stodola and Schréter, to determine the correct procedure in such cases. 
This committee reported in favor of the procedure of Professor Meyer, 
while at the same time rather evading the question as to the scientific 
basis for his method. 

7 Professor Riedler returned to the charge, and maintained that 
the indicated power is the actual power developed in the cylinder 
and that the work absorbed by the pumps constitutes a part of the 
resistance of the engine. 

8 Professor Stodola, whose views are certainly entitled to full 
consideration, maintained that Professor Meyer’s practice conformed 
to that obtaining with the steam engine, at least so far as the high- 
pressure engine is concerned. With the condensing steam engine 
there is a difference in practice: if the air pump is driven by the engine 
its resistance is not deducted from the indicated cylinder power; if 
the air pump is independently driven, its resistance is subtracted. 
In general, Professor Stodola was inclined to believe that, for two- 
cycle gas engines, the pump resistance should be deducted; the 
mechanical resistance of the engine being assumed to include 
only frictional resistances, so far as the computation of the mechan- 
ical efficiency is concerned. 

9 Mr. Diesel suggested the subdivision of the various quantities, 
thus: indicated power = the full power represented by the indicator 
diagram of the working cylinder; useful power = the power delivered 
at the engine shaft; effective power =the sum of the useful power and 
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the pump resistance; mechanical efficiency =useful power divided by 
indicated power (thus supporting Professor Meyer); dynamic effi- 
ciency = effective power divided by indicated power; pump factor = 
pump resistance divided by the indicated power. 

10 The whole subject settled itself into a matter of definition, 
as to whether the compression pumps formed an integral part of the 
engine or whether they should legitimately be considered as auxili- 
aries. 

11 For a full report of the matter reference should be made to 
the Zeitschrift des Vereins deutscher Ingenieure for 1905, as follows: 

a Original paper of Professor Riedler; Report of Professor 
Meyer to Messrs. A. Borsig upon a 500 h.p. Oechelhauser 
gas engine; Report of Messrs. Schéttler, Schréter, and 
Stodola; 

b Reply of Professor Riedler, all in the issue of February 
25, 1905; 

ec General symposium upon the mechanical efficiency and 
indicated power of the gas engine, including contribu- 
tions from Messrs. Stodola, Riedler, Schéttler, Meyer, 
Ehrhardt and Wagner; issue of April 1, 1905; 

d Communication from Mr. Rudolph Diesel upon the mechan- 
ical efficiency and indicated power of the gas engine; issue 
of May 20, 1905; 

e Communication from Professor Hugo Guldner; issue of June 
24, 1905. 
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DISCUSSION 
THE CONVEYING OF MATERIALS 
DISCUSSION OF PAPERS GIVEN AT DETROIT 


At the Detroit meeting the second session was devoted to a sym- 
posium on the hoisting and conveying of materials and five papers 
were presented as follows: 


a 


HoIsTING AND CONVEYING Macuinery, G. E. Titcomb. 
CONTINUOUS CONVEYING OF MATERIALS, 8. B. Peck. 

THe Bett Conveyor, C. Kemble Baldwin. 

CONVEYING MACHINERY IN A CEMENT PLant, C. J. Tomlinson. 
PERFORMANCE OF Bett Conveyors, E. J. Haddock. 


The first four papers were published in June Proceedings and the 
last paper, by Mr. E. J. Haddock, appears in this number. The dis- 
cussion upon these five papers here follows complete. 


Mr. SPENCER MILLER Mr. Titcomb briefly refers to cableways, 
showing that he regards such as hoisting and conveying machines. 
This is my excuse for adding something to his paper on the subject 
of cableways. 

2 By a cableway I mean a hoisting and conveying machine 
employing a suspended cable as a track-way. When the hoisting 
function is omitted we call the device a wire rope tramway. There 
are about 1000 cableways in the United States. The field covered 
by the cableway is so extensive and the variety of cableways so great, 
that the subject is worthy of a separate paper. The loads handled by 
cableways range from one-half ton to 25 tons. Fifty-ton cableways 
have been designed, but so far as I know, have not been constructed. 
The length of the cableway span varies from 200 ft. to 2500 ft. 

3 In the matter of speed, the load carriage travels usually from 
600 to 1500 ft. per minute, while there are instances of cableways, 
especially those used in coaling warships at sea, where the carriage 


speed is over 3000 ft. per minute. At the Lidgerwood cableway 
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testing station, speeds of 3600 ft. per min. have been accomplished 
and apparently such speeds are entirely practical for light loads. 
Cableways therefore seem to outdistance bridge tramways in the 
matter of speed and span. There are few problems solvable with 
the bridge tramway that are not solvable with a cableway. Cable- 
ways have been built with “man trolleys” which eliminate the long 
hoisting and conveying ropes, with their attendant fall rope carriers. 

4 Recent ‘n.entions properly applied multiply the life of the 
main cable and remove any objection on the standpoint of repairs. 
Cableways are successfully and economically employed in unloading 
ships at the wharf, operating grab buckets, and operating scraper 
buckets. For construction of dams and locks they stand supreme. 
As excavators of canals they are frequently the most economical 
machine to employ. The most economical method of employing 
vableways in canal excavation is by the use of what is known as the 
duplex cableway. Two double towers placed on wheels are movable 
by power, lengthwise of the canal. Two cableways cross the canal. 
Grab buckets are handled by the cableways. Spoil banks are on 
both sides of the canal. Material is excavated by one cableway and 
carried speedily towards one tower, while by the other cableway it is 
varried in the opposite direction. Hence the bucket travels only 
half the distance, and therefore makes many more trips than a single 
cableway which has to do the entire work. 

5 Many cableways are operated by electric motors both with the 
alternating and direct currents. 

6 The greatest contest for economy of canal construction was 
witnessed in the excavation of the Chicago Drainage Canal, where the 
two leading machines were a bridge tramway and a traveling cable- 
way. When all costs were taken into consideration, repairs, interest 
on plant, etc., the cableway won by several cents per cubic yard. 
It may be truthfully said that the cableway with its towers traveling 
on wheels was born on the Chicago Drainage Canal. This was also 
the first great construction work where the bridge tramway was 
employed. It would be interesting to know if a bridge tramway 
has been employed on construction work since. The great field of 
usefulness in bridge tramways has been in ship building, unloading 
ore and coal, and serving as a material handling machine in manu- 
facturers’ plants. 


Mr. Metvin Pattison Referring to the paper on Hoisting and 
Conveying Machinery, Mr. Titcomb, has given the type of ore- 
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handling machinery that is most in use very little mention; and while 
he refers to some very interesting coal-handling equipments, he does 
not mention at all the type that ranks at least as high as any to 
which he refers. 

2 In discussing Mr. Titcomb’s paper, I do not find much to 
criticise in what he has said, but what I do criticise is that he has 
left so much unsaid. 

3 Fig. 4 of his paper shows a type of ore-unloader that has proven 
to be the most efficient grab bucket five-ton unit machine in opera- 
tion for taking ore from vessels. 

4 Each machine is equipped with an electric man trolley with a 
turn-table. The operator can with ease be making three or four 
distinet and different operations at one time, such as 1acking the 
trolley, turning the bucket and hoisting or lowering it. It is common 
practice for these machines to make a round trip in from 30 to 35 
seconds. 

5 The four machines at Conneaut unloaded the Steamship 
Hoover & Mason with 9202 gross tons of ore on June 14, 1907, in 
7 hr. 12 min., which was an average of 326 tons per hour per machine, 
including cleaning up. The first hour each machine took out 429 
tons, and the last hour 150 tons. 

6 There were six of this same unit and type of machines started 
last season at Fairport, and before they had been running a month 
and a half they unloaded the steamship Cole with 11 385 gross tons 
of ore in 8 hr. 58 min., averaging 215 tons per machine per hour. 

7 There are four machines in Cleveland, with the same machinery 
part equipment, but in addition equipped with 200-ton weighing 
bins, which can accurately weigh and deliver a carload of ore in 
about 7 sec. This seems remarkable when you take into considera- 
tion that the scales have to handle a variable load up to 250 tons. 
I call especial attention to this point, as the successful weighing of 
ore from vessels to cars is now being demanded by railroad and dock 
companies. 

8 There are many other docks equipped with this type of un- 
loaders; and the summary of what I wish to say in this connection 
is that they take ore out of vessels about twice as fast as any other 
type of five-ton unit machines now in operation. 

9 Referring to Fig. 5, the bridges, as shown, are 565 feet over all, 
and are equipped with man trolleys, but do not have the turn-txble 
feature. 

10 The first bridge built operates a 74 ton grab bucket, and will 
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handle 350 tons of ore per hour from the end of the cantilever to the 
middle of the bridge. The second, or last bridge, operates a ten- 
ton grab bucket and will handle 500 tons per hour. 

11 Referring to Fig. 6, under the heading of blast furnaces I do 
not recognize the bridge shown, nor do I understand why this bridge 
is chosen when the majority of large blast furnace plants are equipped 
with bridges of the same make as the unloaders referred to above, 
to say nothing of the parabolic bins, larries, transfer cars and furnace 
hoists, which means that this machinery handles a large portion 
of the iron ore from the time it leaves the vessel until converted 
into pig iron. 

12 Referring to the handling of coal, I note there are eight illus- 
trations of anthracite-handling machinery, and only six of bituminous. 
In 1907 there were 375 000 000 tons of bituminous coal mined in 
this country, and only 67 000 000 tons of anthracite coal, which 
means less than one-fifth as much anthracite coal handled as_ bitu- 
minous. 

13 There seems to be quite a change in sentiment among coal 
dock managers in the last three or four years, since four years ago 
the larger and more important concerns believed in small unit dock 
hoists, breaking bulk on face of dock, and delivering into stock pile 
by means of cars or trolleys, the dock people now seem to be in favor 
of larger units, and the bucket that goes into a vessel delivering into 
stock pile, thereby saving rehandling and breakage. 

14 Further, sentiment seems to be growing in favor of man-trolley 
equipments, similar to what has become the standard for handling 
iron ore. In fact, coal is now being handled with man-trolley equip- 
ments at New Haven, Worcester, Springfield, Boston, Charleston and 
Superior, as well as at other places, and there is a bridge of this type 
now being built in New York, which will be referred to later. 

15 Some of the advantages of the man-trolley are that the oper 
utor is always with his work, and long leads of whipping lines, sheave 
supports, etc., areeliminated. Fig. 12 and Fig. 13 refer to an anthra- 
cite coal-handling and storage plant at Superior, which is about 
one-quarter of the total problem on this dock, the other three- 
quarters being the handling of bituminous coal, which is not 
mentioned. 

16 The bituminous dock is equipped with what is probably the 
most flexible coal-handling machinery of the intermittent type now 
in operation anywhere. 


17 The equipment consists of four electric unloading towers on 
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the face of the dock; a line of pocketsimmediately back of the same, 
with three electric transfer cars on top of the pockets and back of 
the towers; four three-span bridges at the rear of the pockets and 
extending the width of the dock which is 500 ft., and a line of pockets 
on the rear of the dock running parallel with the pockets on the 
front. 

18 The bridges are equipped with special man trolleys of two 
styles, one for stocking coal and one for taking coal out of stock with 
shovel buckets. 

19 The fast plants will unload vessels at an average rate of about 
150 tons per hour per machine, including cleaning up, and there are 
always one or two bridges available to fill all current orders from day 
to day for the different kinds of coal that are not being unloaded from 
the vessel. 

20 Another plant of this unloading type, is the one in operation 
at the National Tube Company’s Works at McKeesport, Pa., which 
is one of the fastest of which the writer has heard. 

21 Another type is the Milwaukeee Coke and Gas Company’s 
two machines at Milwaukee. These are steam driven and operate 
a two-ton bucket. On June 9 and 10 of this year they unloaded the 
steamer Powell Stackhouse with 10 002 tons of coal, and averaged, 
without taking out any delays, 1754 tons per machine per hour, 
including the cleaning up of the vessel with the grab buckets. 

22 These two machines were in operation just seven months 
last season, and one-third of this time there were no vessels at the 
dock. The machines were actually working four months and twenty- 
two days, and unloaded in that time 586 000 tons of coal, which is 
best the record I know of for any dock. 

23 Referring to Fig. 21, this is one of the modern rope-driven 
trolley bridge plants operating a three-ton grab bucket, and I wish 
to call attention to the Pittsburg Coal Company’s No. 6 Dock at 
Superior, erected four years ago, and which handles only 1} ton 
buckets. 

24 The general scheme of the two docks is similar, but the No. 6 
Dock with only 1} ton buckets has a record of unloading a vessel at 
the rate of 108 tons per hour per machine, including cleaning up, 
delivering the coal at the rear end of the cantilever, which is 290 ft. 
from the apron, while the best record given for the machines shown 
in Fig. 21 is 135 tons per hour per machine with three-ton buckets. 
This No. 6 dock is steam driven, and has the same rope system as 
the Milwaukee dock which was referred to above. 
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25 While these two steam driven, rope system bridge equipments 
are successful for handling bituminous coal, there is, as stated above, 
a growing sentiment in favor of man trolley and larger unit grab 
buckets, which is very strikingly illustrated in the new bridge which 
is being built for the Astoria Light Heat and Power Company, at 
Astoria, Long Island, which is a part of the Consolidated Gas Com- 
pany of New York. 

26 This bridge is 603 ft. over all, and is equipped with a man 
trolley, handling a grab bucket that will take between six and seven 
tons at a grab. 

27 The moving load on the bridge is 40 tons. The speeds are: 
Feet per 
minute 
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28 This bridge will be ready for operation the latter part of July, 
and will be the largest coal-handling bridge} crane. 


Mr. GeorceE B. Witiucox = Salt and chemicals are noted in Par. 75 
of Mr. Baldwin’s paper, as substances that can be satisfactorily han- 
dled with belts, but the kind of belts is not specified. In the salt 
machinery business our experience has been that belts are only suit- 
able for certain kinds of service as salt carriers. 
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Fic. 1 RecrprocaTING ScRAPER CONVEYOR 


2 For loading vessels in bulk, a belt conveyor located in the ware 
house floor and delivering into a chute high over the wharf and 
discharging in the hold of the ship is satisfactory. 
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3 With 30 men wheeling salt in barrels and dumping at both 
sides of the belt, a 22-in. belt has delivered 150 tons per hour into 
the hold of a vessel, and with 25 men an average run is a cargo of 
1100 tons in 10 hr. When navigation closes, the belt is cleaned 
and removed from the pulleys. For such service, namely, where a 
large quantity of salt is handled in a short time, probably nothing 
is so satisfactory as a belt. But where it is required to run 
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continuously, carrying only a small stream of salt, a belt is far from 
satisfactory. The state of the weather affects the operation. On a 
dry day newly made salt may discharge well from the belt surface, 
but a cold damp day causes it to stick to the belt, and the belt surface 
becomes wet and slimy. 

4 Brushes and angle scrapers of many kinds, including wood and 
plate glass, have been used on the belt to overcome this difficulty, 
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but not successfully. A serious fault is that atmospheric dust 
accumulates on the belt surface, which travels through the air many 
miles a day, and in consequence rings of dirty salt accumulate around 
the rollers at the edges of the belt, finally dropping on the salt pile. 
Such dirt spots through the salt are very conspicuous and seriously 
affect the market value of the salt. 

5 We have abandoned belts entirely for continuous service of the 
class described, as for instance, removing the salt from a battery of 
grainers as fast as it is produced and distributing it in piles on the 
warehouse floor. 

6 In such places the most satisfactory conveyor is of the recipro- 
cating scraper variety, as shown in the accompanying illustration, 
Fig. 1. The side angles ride back and forth on slides made of 2 by 
} angle about 8 in. long fixed to the side of the conveyor trough. 
The bottom of the trough is lined with 4 in. unfinished plate glass 
which can be had from any plate glass factory at about 25 cents per 
square foot. 

7 These conveyors work back and forth very slowly. The slides 
do not wear rapidly and are easily replaced. Five conveyors of 
this variety have been in continuous operation night and day for 


nearly two years without repair and with no perceptible wear. They 
take the salt from 10 grainers, at the rate of 1000 bbl. per 24 hr., 
and deliver it in 20-ft. piles on the warehouse floor. Fig. 2 is from 
a photograph of one of them. One of these salt piles as shown is 
about 22 ft. high. 


Mr. Cuartes Prez In giving his brief history of the develop- 
ment of the belt conveyor, Mr. Baldwin did not mention the intro- 
duction of what was known as the Robin’s patent belt some twelve 
years ago. This belt combined, according to the claims of the com- 
pany exploiting it, ‘‘the advantage of a central thickened wear- 
resisting cover with stiffened edges, making the belt bend more easily 
at the center and better preserving its troughed shape between the 
sets of idler pulleys. This stiffening is done by running two or three 
plies of duck a part of the way in from the edges.”’ 

2 The purpose the inventor had in mind was evidently to give 
to a belt a largely increased carrying capacity by forcing it to assume 
the shape of a deep, continuous trough. To accomplish this, idlers 
of the form shown in Fig. 7 of Mr. Baldwin’s paper were used, but 
with troughing pulleys arranged at angles fully 15 deg. steeper than 
shown in this cut. Large carrying capacities for narrow widths of 
belt, however, carried with them certain serious defects. 
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3 In order to secure flexibility the strength of the belt at the 
center was sacrificed by omitting some of the plies of duck. The 
large increase in load per unit area of belt required a heavy increase 
in the tractive force necessary to drive the belt and this was obtain- 
able owing to the limited width of the belt, only by largely increasing 
the initial tension. The resultant unit strain exerted on a belt that 
was defective in structure quickly brought about a destruction of 
the bond between the fabric and the rubber coating and this destruc- 
tion was effectually assisted by the lateral bending to which the trough- 
ing pulleys subjected the belt. 

4 The remedy, of course, lay in materially reducing the depth 
of troughing, resulting in wider belts for the same carrying capacities, 
a much smaller degree of lateral flexure from the troughing rolls, 
lower unit stresses per unit width of belt and the advantage of using 
belts of uniform ply throughout their width. The progress of this 
development is shown in Mr. Baldwin’s illustrations. 

5 The original idler used for the patent or flexible belt was of the 
three-pulley type shown in Fig. 7 but with troughing rolls arranged 
at angles of about 40 deg. The next step was the reduction of the 
angleof the troughing rolls,some makers using 20 deg. and others 25 deg. 

6 Fig. 5 of Mr. Baldwin’s paper shows a concave roller developed 
by one of the users of a wide flexible belt for the purpose of over- 
coming the destruction of the belt due to the severe lateral flexure 
of the troughing rolls. The aim was to approximate in the idler 
the catenary curve that the belt would assume if supported only at 
the outer edges. 

7 Fig. 6 of Mr. Baldwin’s paper shows the unit troughing idlers 
arranged in substantially the same way, resulting in giving the belt 
practically a uniform curve in a transverse section. This form of 
idler has been adopted by a number of the leading manufacturers for 
the wider belt conveyors, and as is readily apparent makes possible 
the use of a standard belt of uniform ply. This to my mind is a 
distinct advantage of the shallow trough belt conveyor. 

8 The function of the beltin belt conveyors is twofold. First, it 
serves as the carrier of the material; second, it serves as the trans- 
mitting medium for the power necessary to move the material. The 
second function is undoubtedly best performed by a belt of uniform 
strength throughout its width; and if for purposes of carrying the 
material a form of troughing is adopted to which a uniform ply belt 
will readily accommodate itself, then there can be no question as 
to the best structure of belt to use for conveying purposes. 
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9 But while the shallow trough belt with idlers such as shown in 
Fig. 6 and 7 has practically superseded the deeply troughed belt, 
there is at present a noticeable tendency to revert to the old type 
of flat belt. This tendency is illustrated by the increasing use for 
certain purposes of the idler shown in Mr. Peck’s paper, Fig. 9 
This idler is flat through the greater part of its length, the two 
end sections being slightly convex to confine the material. In 
actual practice the end diameter is about 14 in. larger than the center 
diameter. ‘The pulleys are very light, being made of pressed steel, 
and the shafts run in pivoted, chain-oiling bearings. The belts used 
with them are of uniform ply, usually protected with an extra thick- 
ness of rubber on the carrying side. For pulverulent, granular or 
sized material not exceeding 2} in. in diameter, and these classes, let 
me state, represent in volume the greater part of the material carried 
by belts, the slight troughing given by this idler is sufficient to retain 
the material on the belt. 

10 The only charge that can be made against it, according to 
the standard set by Mr. Baldwin, is that the slip incidental to the 
difference in peripheral speeds of two portions of the idler is neces- 
sarily fatal to durability in the belt. But are the idlers of the con- 
struction shown in Fig. 6 and 7 of his paper free fromslip? These idlers 
must be lubricated with grease because, as Mr. Baldwin very properly 
points out, oil would be hard to confine and contact with the rubber 
would cause rapid deterioration. But grease is if anything a retardant 
for very light loads and with the idlers spaced as closely as they are 
on the carrying side, the pressure per inch of journal bearing is small, 
particularly when the belt is running lightly loaded. Then, too, 
there is the friction due to the end pressure of the hubs of the inclined 
pulleys against the bearings. With such conditions existing, it is 
only natural to suppose that some slip will occur and the evidences 
of it are easily discernible to the practiced eye, for it is very rare to 
find all rollers on an installation running free when the belt is run- 
ning light, and the idlers quickly become polished on the surface. 

11 There is also the fact that a horizontal conveyor running 
light absorbs almost as much power as when fully loaded, the no 
load readings frequently being from 90 to 95 per cent of the full load 


readings. This slight difference can only be explained on the assump- 


tion of proportionately lower journal friction under full load con- 
ditions than under conditions of light loading. The inference is 
therefore that the idlers lag considerably under a light load and it is 


only fair to assume that they continue to lag to some extent under 
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average load conditions. For after all, large capacity is secured 
with belts by carrying light loads at high speeds, and the average 
carrying loads are insufficient to operate grease lubricated journals 
at full efficiency. 

12 Slip is therefore present in some degree in all idlers, and it is 
my opinion that with their greater lightness, their more perfect lubri- 
sation, and their better alignment, the idlers in Fig. 9 of Mr. Peck’s 
article are no more destructive to the under side of the belt than are 
those illustrated by Fig. 6 and 7 of the article under discussion. 
They are immeasurably kinder to the belt, however, in avoiding 
lateral flexure and on this account add very much to its durability. 

13 It is almost an axiom in the belt conveyor art that belts wear 
out on the carrying side. Eliminating from consideration the dete- 
rioration caused by troughing, the reasons for the greater wear on 
the carrying side are: 


a Impact of the delivered material; 
b Action of pulleys of too small a diameter on the belt; 
c Improper location and design of driving mechanism. 


14 Mr. Baldwin has very fully covered the first cause but it may 
be interesting to add that where a mixture of fine and coarse material 
is handled, a very effective means of reducing the destructive action 
at the delivery point consists in inserting a short screen near the 
delivery end of the chute, thus permitting the fine stuff to sift through 
and form a cushion to receive the impact of the heavier pieces. 

15 In regard to the second cause of the deterioration of belts 
altogether too little value is placed upon the use of pulleys of the 
proper diameter. I do not think it was Mr. Baldwin’s intention to 
make it appear that the diameter of the driving pulley depends only 
on the width of the belt, yet that is the inference one unconsciously 
draws from Table 1. He does mention in another portion of his 
paper the minimum number of plies for various widths; but the rela- 
tion between number of plies and diameter of driving pulley shoul. 
be given in the table, for it is the number of plies and not the width 
of the belt that determines the size of the pulley. The action of a 
belt on a pulley is similar to that of a rope on a sheave and when the 
belt is forced around a pulley of too small a diameter, the outer layers 


of canvas ‘stretch so materially with relation to the inner layers as 

to bring about a gradual destruction of the band between them. 
16 While Mr. Haddock’s experiments seem to indicate that there 

is only a slight gain in tractive effect when the pulleys exceed in 
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diameter 5 in. for every ply; that is, that there is no great gain in 
driving power in a 30-in. pulley over a 20-in. pulley for a four-ply 
belt, yet these experiments touch only one side of the problem, and 
do not take into consideration the durability of the belt. 

17 I feel most strongly that driving pulleys should have not less 
than 8 in. in diameter for every ply of canvas,and that no pulley 
around which the belt passes under full load should be of smaller 
dimensions. 

18 Take Fig. 10 of Mr. Baldwin’s paper for instance, the head 
pulley appears to be about two-thirds the diameter of the driving 
pulley. Assuming the belt to be 30 in. six-ply the layman would 
conclude from the table in Par. 41 that good practice would 
make the diameter of the driving pulley 30 in. and of the head pulley 
20 in. Yet this combination would be a destructive one, for the 
belt is under as heavy a strain bending around the head pulley as it 
is on the driving pulley. 

19 Now as to the third cause of deterioration, the improper 
location and design of the driving mechanism. 

20 There is a fundamental principle which applies to all transmis- 
sion media whether they be chain, ropeor belt. It is this: make as few 
turns or bends under full stress as possible and avoid counter bends. 

21 With this principle in mind there is only one proper position 
for the driving pulley and that is at the head or discharge end of the 
conveyor. In such a drive as shown in Fig, 10 of Mr. Baldwin’s 
paper, the compound drive, using pulleys of as small diameter as 
mentioned in Pars. 38 and 39, might be mentioned as expedients 
but should hardly be cited as illustrative of sound practice. The 
conveying art, rapid and brilliant as its progress has been, is replete 
with examples of expediency, and it is now high time that considera- 
tion should be given to cost of maintenance and operation as well 
as to initial cost. 

22 Let us now turn to Mr. Baldwin’s formula for the horse power 
required for belt conveyors. The formula for horizontal conveyors 
CXTXL 


h.p. 
“ 1000 


given by him suggests that the power is directly proportional to the 
load in tons per hour, yet that is not the case. For to get even 
approximate results with the formula the factor 7 should be a con- 
stant as well as C and Mr. Baldwin might have combined to advan- 
tage C < T into a single constant and given a table of values for it. 
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23 Some readings of belt installations are as follows: 


a A 30 in. belt conveyor handling crushed bituminous coal. 
Conveyor is horizontal with 253 ft. centers. Speed 600 
ft. per minute. Load carried at time of test 215 tons 
yer hour. Conveyor is provided with self propelling 

° =] 
tripper. Readings, including motor and drive, are as 
follows: 


Horse powe! 


Starting load empty... .....-cccsccceeee re 24.3 
Running empty. ... sors s eset trees cece: 11 

Running loaded re gs Wawe s Reels ‘ai | ey 
NE NS chi cad dias odo deu sees deesseas 13.3 


Belt empty 
Mr. Baldwin’s formula gives 9.18 h.p. without tripper. 
Mr. Peck’s table gives 11.70 h.p. without tripper. 

b A 30-in. conveyor, 386 ft. centers, running horizontally 
at 348 ft. per min., carries coke at the rate of 60 
tons per hour. 

The readings including motor and drive were as follows: 


Horse power 
PRGL ONL 2c kendurekenicreee tae creates 13.4 
idan aden hs wed deaknndtimidibed es 13 
Mr. Peck’s table shows, with an allowance of 10 per cent 
per drive but without considering the motor efficiency, 
11.36 h.p. 
Mr. Baldwin’s formula, substituting 60 tons for the 
capacity in tons per hour, gives 3.86 h.p. 

24 Of course Mr. Baldwin states that the power should always 
be figured for the full capacity at the chosen speed but what is the 
full capacity of coke on a 30-in. belt at a speed of 348 ft. per minute. 

25 Iam dwelling on this point to indicate that while the formula 
may yield results in the hands of a man who is privy to its peculiarities, 
it is not a good formula for general use. 


Mr. T. A. Bennetr With reference to Fig. Qin Mr. Peck’s paper 
and his mention of the four-roll idler which he considers best for 
modern practice, I would call attention to the so-called five-pulley 
idler shown in illustration herewith and mentioned in Fig. 6 of Mr. 
Baldwin’s paper. ‘This latest development of the idler form avoids 
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the crease at the center of the belt where the greatest load comes. It 
conforms to the natural curve of the belt and retains the valuable 
feature of a center horizontal pulley. This horizontal pulley is neces- 
sary for guiding purposes, as without it the belt rides up and down the 
inclined idlers according to its loading. 

2 With reference to belts Mr. Baldwin says truly in Par. 20 that 
“the belt conveyor industry has been built up mainly on the remark- 
able showing of the rubber belts made by Mr. Robins.” I expected 
to have to call attention to the absence of the patent belt in Mr. 
Baldwin’s paper, but I see this omission has been well brought out 
by preceding discussion. 

3 It was found that the requirements of a conveyor belt were: 

a extra rubber cover at the center where the greatest wear 
comes; 

b pliability to fit the curve of the troughing idler; 

c heavy edges to stiffen and strengthen it. 





Fic.1 Five Puiiey Ipier 


4 Idesire to correct the statement that the wear on the cover is uni- 
form. Weall know that the wear comes mostly inthe center, the plies 
wearing away in stepsrising to the edge, which is often not worn. These 
requirements were all met in practice by the patent belt made by the 
Robins Conveying Belt Company, a belt of uniform thickness, with a 
heavy rubber cover and extra plies of duck extending in part way from 
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each edge, thus protecting and strengthening the edges and saving 
the use of unnecessary rubber. The resulting belt can be made as 
heavy at the center as will conform to the troughing idler and the 
heavy duck edges add stiffness and strength to the belt. 

5 Regarding the waterproof qualities of rubber belts referred to 
in Par. 27, while it may be correct to state that they are not ‘“abso- 
lutely waterproof,” they are practically so. The friction rubber is 
forced into the mesh of the duck and not only surrounds each thread 
but covers each ply, insulating it fromits neighbor. An investiga- 
tion of many belts after service has shown me that the moisture from 
a cut or puncture extends around it into the belt only about an inch; 
in fact we all know that the superiority of rubber belts in the resist- 
ance of moisture was the cause of their original adoption as driving 
belts in damp places. 

6 Rubber belts with extra cover are the only ones that can stand 
the service mentioned in Par. 27 in handling dredgings, wet tailings, 
etc. On over fifty gold dredges in California, the Yukon and else- 
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where they are handling wet tailings; on the other hand, a 30-in. seven 
ply Dicks balata belt tried on a gold dredge in California lasted but 
1330 hr. under exactly the same conditions under which the Robins 
Conveying Belt Company’s belts preceding it had averaged 5000 hr. 
The question of moisture is not a determining factor in the life of a 
well-made rubber belt except at the very end of its service. 
7 The accompanying cuts show the relative ability of various 
belts and materials to resist abrasion. On a board are mounted the 
following materials, named in order from left to right: Cast iron, 
rubber belt, woven cotton belt, stitched canvas belt, balata belt, 
rubber belt, stitched canvas belt, woven cotton belt, balata belt, bar 
steel. 

8 This block was subjected to the action of the sand blast by 
passing the nozzle uniformly back and forth over the center line for a 


period of 45 min. From this and many past experiments, we find 
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the relative abrasive resisting qualities of these materials to be as 


follows, taking the volume of rubber belt worn away as being 1.0: 


aay ene ane ee oxen ee 
Rolled steel bar......... SEO et Ce eee Ce ee 1.5 
tee ee Het aciaa cde dee weve Wea’ a pb wiel ls ' aR 
Balata belt, including gum cover....................... 50 
Woven cotton belt, high grade................... ere: * 
URORIOGs COG, I I, oo os bc eenccscasancncsccens Sf 
Woven cotton belt, low grade........ sean ‘ 9.010 15.0 


% Par. 30 of Mr. Baldwin’s paper will bear correction regarding 
impairment in the strength and vitality of the fabric in rubber belts 
by the great heat of vulcanization. The “great heat’’ mentioned 
is only that due to a steam pressure of 40 lb. or about 290 deg. fahr., 
which, of course, is not enough to affect the cotton. 

















Fic.3 Briock SHOWING RESULTS OF ABRASIVE TESTS ON DIFFERENT MATERIALS 


10 In Par. 42 appears a statement regarding the use of take-ups 
‘to adjust the belt should the splice not be exactly square.”’ Such a 
remedy would make the belt run like a screw thread to one side and 
would start the belt away from the take-up pulley at an angle with the 
center line of the conveyor. In one part of the belt one edge would 
be longer than the other, which would tend to make the belt run to 
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one side and off the troughing idlers. Evidently the best practice is 
to keep the take-up shaft square with the center line of the conveyor 
and to remedy the splices by making them square. It is very impor- 
tant that the take-up shaft be square with the axis of the conveyor. 

11 Par. 43 brings up the detail of the discharge from the belt. 
This discharge follows the path of a trajectory based on the velocity 
of the material and independent of the diameter of the pulley. The 
course of its fall is modified somewhat if the material clings to the 
belt: For clinging materials a clean discharge can sometimes be gotten 
only by high speed. 

12 While there are mechanical difficulties to be overcome con- 
nected with the belts, drives, idlers, etc., the real engineering in the 
conveyor business is in the handling of the materials themselves. 
The success of an installation depends upon an intimate knowledge 
of these materials and of: their chemical and adhesive action on 
belts and most important, their flow in the chutes. 


Mr. E. H. Messirer Mr. Baldwin and Mr. Haddock have dealt 
with the subject of tension in conveyor belts. This is one of the 
most important factors in the design of conveyor drives. 

2 Mr. Baldwin gives for the tension in the belt 


h.p. X 33 000 
SxW 


S is the belt speed and W the width of belt. This formula, how- 
ever, gives the effective pull per inch, or the difference between the 
tension on the tight side of the pulley and that on the slack side. 

3 The effective pull per inch is a figure that is useful in power 
transmission work, but in belt conveyor practice it is necessary to 
go further and find the actual tension in the belt. The reason for 
this is that there is such a variation in are of contact and in the 
coefficient of friction of the pulley surfaces used in different drives 
that the relation between tension and effective pull varies widely. 

4 To find the actual tension we resort to the old formula 


T 
- 0-000758 f a 
T, 10 


which means that the logarithm of the ratio between the tensions 
on the tight and slack sides is equal to 0.000758 multiplied by the 
product of the coefficient of friction into the are of contact. 
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5 Combining the above equation with the following formula for 
the effective pull, we are able to find the tension in any conveyor 
belt. 

on - h.p. 33000 
Tl, - T, = 9 


has a: 
Putting 1 _ 1()°-0007ssfa _ Pp 
2 


we have for the maximum tension in a horizontal belt 


Tl. - h.p. X 33000 x R 
S x (R—1) 


6 In regard to the belt conveyor with shallow trough which has 
been mentioned by Mr. Peck and Mr. Pease a question suggests itself. 

7 Remembering that the earliest conveyor belts were flat and 
that the only object of troughing was to gain an increase of capacity 
so that when a belt has to be renewed it will cost less money, it may 
be asked: unless we are going to get a substantial increase of capacity 
by means of a good deep trough, what is the use of troughing at all, 
and thereby sacrificing the simplicity of the single roller that suffices 
to carry the flat belt? 

8 In connection with the subject of the diameter of conveyor belt 
pulleys, Mr. Haddock has proposed a minimum of 5 in. for each ply 
of belt while Mr. Pease contends that 8 in. should be the limit. The 
argument of the latter by analogy from transmission belts and driv- 
ing ropes fails to take account of the wear on the face of the belt due 
to the impact of the material carried. In a properly constructed 
belt conveyor for anything but the lightest work the life of the belt 
is determined by the length of time its rubber cover withstands the 
abrasion of the material carried. We can therefore take some liberties 
in the way of smaller pulleys and counterbinding and can, I believe, 
use something not far from Mr. Haddock’s recommendation for the 
minimum diameter of pulleys. Conveyor belts are certainly made 
today that wear out, as they should, by the abrasion of the rubber 
cover. 

9 Passing to the question of the power consumption of belt con- 
veyors, I agree with Mr. Pease that it would be desirable to have a 
uniform method of computation, but it will never be possible to test 
the constants for a conveyor of one make by trial with a conveyor 
of another design. 
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10 Mr. Baldwin has given a formula for horse power in which 
the constant is multiplied by the capacity and the length without 
direct reference to the belt speed. In its original form this formula 
has been in use for several years. It is as follows: 


h.p. 1000 L(F,T + F,S) + H 17 

in which 

L Length of conveyor. 

F, Load factor. 

F. Speed factor. 

7’ Capacity in tons per hour. 

S Belt speed. 

H Height through which load is lifted. 


11 This formula is applicable to any belt conveyor and will show 
the difference in power consumption between a loaded conveyor and 
one running empty. 


Mr. James M. Dopce Ihave only awordtosay. Iwas naturally 
much interested in Mr. Peck’s remarks, inasmuch as Mr. Peck and | 
are business associates. He spoke very handsomely about a certain 
equalizing gear which I designed and which has been used with our 
elevators and conveyors. In this connection I desire to say that 
I was led to design this driving apparatus because Mr. C. W. Hunt, 
a competitor of ours, had previously designed an equalizing and driv- 
ing mechanism and, consequently, I made my effort for competitive 
reasons. Mr. Hunt’s apparatus was eminently satisfactory and _ if 
we could have used his device the invention of my device would have 
been quite unnecessary. 

2 Mr. Peck also stated that it was desirable to make machinery 
for the handling of materials as well as it could be done, and it affords 
me pleasure to take this occasion to say that Mr. Hunt has always 
done the best he knew how, and we have tried our best to emulate 
him. 


Pror. R. C. CarPENTER I merely want to say a few words on the 
subject of the paper of Mr. Tomlinson and on the subject of convey 
ing machinery in the Portland cement industries. His paper gives 
the impression which I think to be an error, that belt conveyors 


are mostly used in these plants. He says that this industry more 


than any other depends upon conveying machinery for transporting 











THE CONVEYING OF MATERIALS 955 


raw material from where it is mined to the mill and through all the 
processes required to manufacture it and to the bins for the finished 
product. I think the history of conveying machinery in the Portland 
cement plants shows that it has been the source of more trouble and 
expense than almost anything else connected with the industry. The 
material to be handled is very gritty and heavy; consequently it is 
hard upon the conveying machinery. The cost of maintenance may 
be entirely out of proportion -to the cost of installation if light con- 
veyors are installed; for that reason it pays in the end to put in very 
heavy machines. I think Mr. Dodge will bear me out in this, for I 
know that he has been called upon very often to repair defects in the 
conveyor system of cement mills. 

2 I understand from Mr. Tomlinson’s paper that the screw con- 
veyor is used but little in cement mills. My experience is very dif- 
ferent from this; my observation indicates that it is largely used in 
cement mills. If well built it is very satisfactory and will stand up to 
its work better than any other type; its field however is limited. 

3 It cannot handle coarse stuff satisfactorily. The material 
must be broken up to a quarter-inch diameter or less in order to be 
handled satisfactorily by a screw conveyor. From my experience in 
cement mills I should say the belt conveyor would handle satisfac 
torily materials not dusty or gritty; but a large portion of the material 
in the cement industry is very dry and dusty and it is extremely 
difficult to prevent the belt from scattering a great deal of dust, for 
which reason the belt conveyor has failed in many cases. I might 
say, however, that there are many belt conveyors in satisfactory use 
in the cement industry although the proportion to the total is small. 

4 One form of conveyor has not been mentioned here, I think, 
one originally designed and patented by Mr. C. W. Hunt which has 
proved satisfactory in the cement industry, a car system handled 
by a continuous moving steel rope. This is one of the most satis- 
factory systems of conveying that has been designed for the cement 
mills. If a car breaks down it does not stop the whole plant, as 
another can be supplied without stopping; whereas with other types 
if a part of one conveyor breaks down it may put out of service prac- 
tically the whole plant. 

5 Another word in regard to the elevator in cement mills. The 
material has to be handled and carried both horizontally and verti- 
cally, and so arranged that it can be moved over and from one level 
to another. Mr. Hunt introduced a system of automatic cars which 
may be pushed on elevators and carried up to different levels and 
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shoved over to the desired point by trolleys or by hand. ‘That system 
is coming into almost universal use and is as well thought of as any 
system at the present, in my opinion. 


Mr. E. 8. Fickes Mr. Peck in his very interesting paper does not 
describe a conveyor which has been found quite useful for handling 
finely divided dry materials and particularly those which are gritty 
and dusty. This conveyor consists of a tube with its axis either 
horizontal or slightly inclined; the tube is rotated on external bear- 
ings or trunnions and the material is carried forward either by the 
slope of the tube, if it is inclined, or by a helicoid or helicoidal arrange- 
ment of vanes or blades on the inside of the tube. The helicoid, or 
the vanes which replace it, revolves with the tube, thus carrying the 
material forward. As the material is inside the tube it causes no 
wear excepting that due to its flow as it rolls spirally through the 
revolving tube from one endtotheother. The bearings and trunnions 
are not exposed at all to the material being conveyed. 

2 When the conveyors are small they can be built of rolled steel 
pipe, with rolled or cast helicoids forced or keyed into them so that 
there will be no motion between the helicoid and the outer shell. 
Larger conveyor shells must be built up of plates with either a con- 
tinuous helicoid or suitable vanes fastened to the shell. Excepting 
in the case of very small conveyors, trunnion bearings are used, the 
conveyor being carried preferably by a turned, rolled steel tire which 
rests on the trunnion bearings. The conveyors can be driven either 
by gears, sprocket chains, or belts. 

3 When the material is transferred from one length of conveyor 
to another, or when it is necessary to put an angle in the conveyor, 
the end of the conveyor is fitted into a box or transfer station into 
which the material is discharged and from which it is fed into the 
second section. 

4 Asimple arrangement to prevént the escape of dust from these 
transfer stations consists of a series of outstanding circumferential 
ribs on the shell of the conveyor which mesh into a corresponding 
series of stationary ribs on the transfer station with just enough 
space between to prevent them from rubbing. This arrangement is 
particularly useful if the materials are very gritty, in which case the 
grooves on the transfer station must be designed to discharge into 
it the dust which lodges in them. When the material is not gritty 
some simple form of packing ring or stuffing box can be used, although 
its use will increase somewhat the power required to run the con- 


veyor. 
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5 The material is fed into the smaller sizes of conveyors by suit 
ably shaped blades attached to the open end of the tube. When 
the conveyors are large enough a better arrangement is to carry the 
feeding spout into the conveyor a short distance, the end of the con- 
veyor being covered by a head which prevents the material from 
rolling out of it. 

6 This type of conveyor is particularly useful in chemical works 
and similar plants where lime, soda ash and other materials are 
handled, the dust of which is often extremely disagreeable and 
annoying if allowed to escape. It is also a very useful conveyor 
when such dusty materials have to be heated or cooled as well as 
carried from place to place in the works. If the material is extremely 
hot, it is necessary either to line a portion of the conveyor with fire 
brick or use water jackets to prevent the heat from burning or other- 
wise injuring the machinery. When the material is not too hot, a 
cast iron shell can be used with cast iron helicoids or blades for the 
parts exposed to the greatest heat, these being made so as to be 
easily replaced when destroyed. The cooling of the material as it is 
eonveyed can be accelerated by spraying water on the outside shell 
of the conveyor, suitable guards being placed to keep the water off 
the bearings and from getting into the transfer stations. 

7 With some conveyors which require the material to be gently 
heated or maintained at a uniform temperature as it passes from one 
department of the works to another, a few gas jets placed along the 
under side of the conveyors are used. If, however, more accurate 
regulation of the temperature is required and the material does not 
need to be heated too highly, a stationary steam heated pipe placed 
on the axis of the conveyor can be used, the shell being covered with 
insulating material to decrease the loss of heat by radiation. 

8 It is evident that this type of conveyor is not adapted to 
material which from dampness or other causes would tend to cling 
together and choke it, nor for the same reason can material contain- 
ing large lumps be handled through the smaller sizes having a con- 
tinuous helicoid which, with the shaft about which it is coiled, fills 
the entire tube. 

9 The high first cost of this type of conveyor, as compared with 
its carrying capacity, greatly limits its field of usefulness, but for 
some materials and under certain conditions it is a very useful 
machine. 
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THE SPIRAL SPRING CONVEYOR BELT IDLER 


Mr. E.G. THomas’ A new form of troughing idler pulley for con- 
veyor belts employs, instead of the usual cast iron pulleys, a flexible 
roller consisting of a spiral spring, 5 in. in diameter, rotatively sup- 
ported in horizontally pivoted bearing boxes. The spring, under 
the weight of the belt and its load, stretches and sags to a smooth 
curve of approximately circular shape and the belt bends to a troughed 
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Fig. 1 Sprrau Sprinc Rouver For Bett 


form in contact with and supported by the spring across its entire 
width. As the spring is of the same diameter throughout, there is 
pure rolling contact at all points between the spring and belt. The 
spring has about two coils per inch of belt width. 

2 The size of wire used for the spring varies according to the load 


be carried and the commercial idler will be so made that the 
extreme fiber stress will be about 15 000 lb. per square inch. As 





Fig. 2. Batt Bearina For END oF SprRING 


the variation in fiber stress as the spring turns is only from one-fifth 
to one-tenth of the maximum, a satisfactory life for the spring is 
assured. In all cases the spring is designed to have such strength 
that when the belt is carrying its maximum load the area of the 
cross section of the load will be the same as that of the peo 35 
deg. three-pulley idler, so that the two forms have equal carrying 
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capacity. Under any less load than the maximum the depression of 
the spring and the bending of the belt is less than the extreme. 

3 The pivots of the bearing boxes permit them to accommodate 
themselves to the varying direction of the pull of the spring as it is 





Fig. 3 Loapep CONVEYOR WITH SPIRAL SprRING IDLER 


depressed more or less by the changes in load, and as the strain on 
the bearing is chiefly that of thrust, ball bearings are used to advan- 
tage. 











Fie. 4 Breur RUNNING Empty 


$ By the use of this idler, the curvature of the belt, instead of 
being concentrated along certain longitudinal lines, is equally dis- 
tributed across its entire width and the degree of curvature is so 
small that wear from this source is practically eliminated. The 
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weight of the spring is much less than that of corresponding cast 
pulleys and the power required for its rotation in ball bearings is 
much smaller than is needed for the usual flat bearing with grease 
lubrication. The cost of lubrication will be reduced to the use of 
sufficient light oil at long intervals to keep the bearings free from 
rust. In the conveying of material containing large masses, such as 
the tailings conveyors of dredges, the spiral spring idler has important 
advantages, and because of its elastic character, will receive no 
damage from the shock of a falling rock which may break the rim 
of a cast pulley. 

5 In the illustrations, Fig. 1 is an elevation of the idler under 
full load, Fig. 2 is a cross section of the bearing box, and Fig. 3 and 
Fig. 4 are photographs of the idler in use under a belt carrying coal. 


Pror. H. Wave Hisparp I believe that the papers and discus- 
sion upon this subject have thus far come wholly from the makers 
or promoters of conveying machinery. I have no doubt but thatthe 
present and prospective users of such apparatus will receive the great- 
est profit from this meeting. Perhaps it may not be amiss to add a 
few comments from the point of view of one section of users, the 
railroads. The growth of the transportation business in this country 
has been so marvelous that changes have taken place almost under 
our eyes without being seen or without due recognition of their im- 
portance. The section of transportation concerned with this sub- 
ject is the locomotive terminal It is not so long since it was known 
as the roundhouse. But as transportation has enlarged, a new prob- 
lem has arisen, or rather an ever-existing problem has taken on 
greatly enlarged importance. ‘Trains have to run; today we are 
realizing that they also havetobestopped. Anew office has appeared, 
that of the terminal superintendent, and it is my good fortune to be 
somewhat closely in touch with some of his problems. The old 
‘“‘round house” has become dignified by ‘‘locomotive terminal.” I 
believe I am the only railroad man present this morning, and I wish 
I might be ableto add a moiety to these discussions from the stand- 
point of the railroad man. 

2 It should be recognized that the railroads present quite a dif- 
ferent problem from ‘hat of other industrial organizations. If any- 
thing goes wrong with the coal or other conveying installation of a 
private plant, the finances, or the reputation of the business, may 


suffer; but with a railroad engaged in public service, we must not 
forget that whatever happens the trains must operate; that those 
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who wish to travel expect to go on time; and that shippers expect 
their goods to be delivered on time, and at the minimum cost of 
transportation, 

3 Railroads are serving the public, in other words; and when 
making an installation for coaling locomotives they must remember 
that the installation must not break down. 1 was much interested 
in Mr. Baldwin’s paper upon this subject, and before speaking of 
some of the points in connection with what he has given us I want to 
give an idea of the business proposition that coal conveying and coal 
storage mechanism for coaling locomotives must meet. 

4 suppose the amount of coal used in American locomotives is 
valued at about $150 000 000 per annum. There are exactly 55 388 
locomotives in operation, which demand a very large amount of coal. 
The latest type of freight locomotive as used on the Erie Railroad 
has 16 driving wheels and will haul a loaded freight train two miles 
long on a level. To take care of the coaling of these locomotives is 
a large undertaking. Par. 5 of Mr. Peck’s paper says: “In a typ- 
ical plant for supplying locomotives with coal, sand, and water, and 
for the removal and disposition of the cinders, the coal is carried in an 
overhead pocket of 1000 tons capacity, or from one to two days’ supply.” 
The conveying machinery is in full duplicate, for an hour’s stoppage 
of the large number of locomotives depending upon such a plant 


_— 


would give the terminal superintendent the cold shivers. 

5 I disagree with Mr. Baldwin as to the order of importance of 
requirements for conveyors for railroad use. As in his Par. 76, “‘free- 
dom from shut down”’ is the first and most important point; that 
stands in a class by itself. Number 2 would be speed of coaling; 
3, suitable location as regards ground use and locomotive movements; 
4, cost per ton for handling. 

6 Previous to the present depression in the transportation busi- 
ness, our railroads were often pressed for power to handle the traffic. 
Under such conditions, a cutting down of the time at locomotive 
terminals becomes an important consideration. It is equivalent to 
the purchase of many new locomotives, at a time when new locomo- 
tives cannot be purchased because the locomotive building firms 
may be swamped with orders for a year ahead. I have been con- 
nected with a road where I have known one passenger train to be run 
in 13 sections. This summer I shall be engaged in some locomotive 
terminal work on a road where some trains ordinarily run in one 
section or perhaps two, but there may be a sudden change calling for 
five or more sections of 10 sleepers each. Such congestion may come 
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when the foreman is cramped by conditions at the roundhouse. In- 
coming engines must be coaled, fires cleaned, inspected and oiled in 
the shortest possible time, and the engines quickly turned into 
service again. A terminal superintendent told me this winter that 
he had reduced the delay at the locomotive terminal from 2 hours to 
20 minutes, without the use of conveying machinery. Of course 
that is a timed record. Commonly the men do not work at that 
speed. Labor-saving machinery and appliances at overhead pockets, 
however, can be handled constantly at record speed, and therein lies 
one of the advantages of the conveyor, if ground area does not permit 
pockets with trestle. 

7 The location of a coaling plant often presents a more fascinating 
problem than a game of chess, calling for high skill in operating, in 
civil engineering, and in motive power departments to avoid inter- 
ference with main line operation, make good use of the ground, what- 
ever its area and topography, erect suitable structures, prevent in- 
terference of locomotives with each other, and aid in inspections and 
\unning repairs. 

8 Par. 54 of Mr. Peck’s paper refers to the cost of maintenance 
of the trestle type after the first 15 years. Some railroads make 
use of natural ground contours for the incline, thus avoiding the arti- 
ficial structure; while occasionally a road, having such an advan- 
tageous possibility, chooses to neglect it. 

9 Among the many items making up the total cost of coal, I 
would suggest that too much attention be not given to the cost of 
fuel to handle the coal. The vast amount of coal used for locomo- 
tive:, its consequent cheapness, its haulage by the railroad for itself, 
make the amount used in the operation of the coaling station only 
a drop in the bucket. Too great attention to this item may divert 
attention from other more important items. 

10 Finally, might I add that sufficient time ought always to be 
taken in the initial stage of the creation of this or any other engineer- 
ing property, the stage of ‘‘contemplation,’’ which properly precedes 
the stage of ‘“‘design.’”’ Also, during both of these stages there should 
be maintained the closest codperation among the departments o: the 
railroad concerned, especially with the motive power department 
which is to use the property and will suffer most from its ill design. 


Mr. J. McGreorce I had two questions to ask, one of which, upon 
the best method of conveying cement, has been answered by Professor 
Carpenter. The second question, which is closely allied with the 
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first, is that of the best method for getting material like cement into 
a conveyor. What is the angle at which finely ground cement will 
flow? 

2 I cannot criticise Mr. Titcomb much because of omissions from 
his paper, for I know how difficult it is to get all relating to a subject 
in a single paper; but I did notice that he keeps his paper almost entirely 
to coal and ore handling machinery. 

3. My firm is now building an installation of machinery for mixing 
concrete for some large government locks. We are putting up two 
crane bridges which take the sand and gravel from barges in the river 
by means of clam shell buckets, dumping the same into the concrete 
mixer, from the mixer dropping the concrete into a bucket, and laying 
it, all by means of those bridges, right, in place. 

4 There has been no trouble whatever in handling the gravel and 
sand by means of the grab bucket, ete., but there has been trouble 
in getting the cement in place to mfx with the other ingredients of the 
concrete. We are handling cement in bulk, through a system of bins 
and inclined chutes. The bins are built in the form of hoppers and 
the chutes discharge into a locomotive bin car which runs an average 
of 600 ft. to the mixer, and the cement is then elevated into a tank 
and from that discharged into the mixer. 

5 Our trouble is a little peculiar. The government engineers 
insist upon positive measurements. In these positive measurements 
we had trouble with the cement conveyors. One difficulty was to 
determine the angle at which cement would flow. I would be glad 
to hear from anyone that can answer that question. 


Mr. Wituiam T. DONNELLY This discussion has been extended 
to cover the art of conveying, broadly, but there still remains one 
branch which has not been touched upon, in spite of the fact that it 
deals with the oldest known system of conveying —the system that 
is handling the greatest quantities of material,jand one that has been 
steadily at work since the beginning of the world. 

2 I refer to the conveying of solid material by running water. 
The rivers and streams of the country are every year conveying 
countless millions of tons of material in their open channels, the 
force in use being the velocity of the water as it descends from higher 
to lower elevations. 

3 At the present time, man is using the principle exemplified in 
this method of conveying in the dredging of harbors and rivers, and, 
to a limited extent, in the conveying of material for the construction 
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of dams, the velocity being imparted to the water by a centrifugal 
pump operated by a steam engine, thus bringing in purely mechanical 
apparatus, and bringing this system of conveying within the scope of 
the mechanical engineer. 

4 It is rather a remarkable fact, that all such plants as have 
been“ used for this system of conveying up to the present time have 
been of a temporary nature; that is, they have been constructed 
and adapted to operate on a special contract for a limited time, after 
which they would be displaced or dismantled. 

5 The economy or the low cost of handling material by this system 
is most remarkable. In dredging operations, the cost will range 
from 10 to 20 cents per cubic yard, with material conveyed a dis- 
tance of from one-half to more than one mile. 

6 From the necessity for conveying large quantities of material 
is developed the particular kind of conveyor best suited to meet the 
conditions, and it has seemed desirable to me at this time to call par- 
ticular attention to this method of conveying solid material by water, 
as I believe that in the near future there will arise a demand for the 
continuous conveying of material by this system, and I am convinced 
that its lack of development has been due to the fact that, up to this 
time, there has not been a sufficient demand to call for the continuous 
conveying of material through pipe lines. 


Mr. Henry Harrison SuPLEE This matter of conveying materials 
by hydraulics has been well carried out. One thing I think is worthy 
of mention, and thatis the handling ofasheson shipboard. Onnearly 
all the ocean liners the ashes from the boiler or from the furnaces 
are dumped in water and with a steam injector emptied over the 
side of the ship. The disposition of ashes was one of the most diffi- 
cult problems on shipboard; it created a great deal of dirt and dust 
and labor. Now they are forced out with a stream of water and 
with perfect ease and freedom from dust. I think this device was 
the invention of one of our members, and is now used universally. 


Dr. Wm. Kent A former president of the New York Steam Com- 
pany, W. 8S. Andrews, now deceased, made some experiments, 10 or 
15 years ago, on the carrying of anthracite coal in pipes by means of 
water pressure, and it was claimed that considerable success was 


reached. 
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Mr. A. B. Proat (presented by Mr. T. A. Bennett) I speak 
also for Mr. Proal who is unable to be present and asked me to give 
some data regarding bridges and towers. 

2 There are some unique features in connection with the bridge 
illustrated in Fig. 14 of Mr. Titcomb’s paper. A 36-in. belt conveyor 
is made use of for handling coal into storage and a five-ton (coal) 
bucket for taking the material out of storage. This permits putting 
in coal or other material and taking it out at the same time, giving 
a bridge of double capacity. In coke plants where two or more kinds 
of coal are necessary, the field can be divided longitudinally and one 
kind of coal stored while another kind is being reclaimed. The capac- 
ity of the bridge is 700 tons of coal per hour into storage, but this can 
be increased by increasing the size of the belt. Coal has been taken 
out of storage by this bridge at the rate of 300 tons per hour. The 
storage field has a capacity of 750 000 tons and is arranged to be 
increased to 1 000 000 tons or more if desired. The bridge is equipped 
with a man-trolley, that is, the man rides with the bucket. Other 
features are, the load of the bridge on the further shear leg is carried 
by ball-and-socket bearings, and the bridge is driven through worm- 
gearing which removes the danger of the bridge running away in a 
wind storm. 

3 The two towers illustrated in the back of Fig. 18 of Mr. Bald- 
win’s paper have established averages, respectively, of 156and 146 
tons per hour in cleaning up 10 000 ton boats. It is important in 
speaking of tonnage to note that this refers to coal, not ore. 
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FURTHER DISCUSSION AT DETROIT 


THERMAL PROPERTIES OF SUPERHEATED STEAM 


By Pror. R. C. H. Heck, PusiisnHep In May Proceepincs 


Dr. Henry T. Eppy In considering the comparisons made by 
Professor Heck of the experimental results arrived at by Professor 


Thomas, and Knoblauch and Jakob, as referred to by him, the present 


writer was led to construct the lines expressing the relation of the 
total superheat in degrees to the total superheat British thermal units 
at the four pressures investigated by Knoblauch, viz: at 2,4,6 and 8 
atmospheres nearly, or 28.44, 56.88, 56.88,85.32, and 113.76 lb. per sq. 
in. precisely, these lines being suitably interpolated to accord with the 
results of Thomas as given by him in Fig. 9 of his paper presented to 
this Society at its meeting in December 1907. The lines so drawn 
would consequently in general lie between those shown by Thomas 
in his Fig. 17. It then appeared to me that Professor Thomas had 
taken some liberties with his original data as shown in his Fig. 9, 
evidently in order to bring his Fig. 17 into agreement with the idea 
that saturated steam must begin to be superheated as soon as any 
heat is imparted to it. That may be the fact and vet the lines on 
Fig. 17 mav be drawn to accord more closely with the data shown 
in Fig. 9. 

2 The object of the present discussion is not to make the slight 
corrections suggested by these not unwarrantable liberties which 
Professor Thomas has taken with his data, but to show that his data 
admit equally well, or in fact better, of a more simple representation 
which may be regarded as a very close practical approximation to 
the laws for superheated steam, or steam gas, just as the laws for 
so-called perfect gases are applied to ordinary gases and are in fact 
sufficiently close for almost all practical purposes. 

3 When we take Thomas’ Fig. 9 and attempt to construct his 
Fig. 17 as he has done, it is found that perfectly straight lines on Fig. 
17 represent the mean values of points plotted on Fig. 17 quite as 
well as the slightly curved lines he has chosen; and had it not been 


for the supposed necessity for making the lines pass through the 


origin, no one would have drawn them as they are shown in lig. 17. 
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Furthermore, it is found by trial that using fahrenheit degrees and 
British thermal units as codrdinates these lines all pass very nearly 
through a single point whose codrdinates are 34 dee. fahr. and 

14.5 B.t.u. from saturation as origin; so that Thomas’ experiments 
may all be very closely represented by the linear equation 


h C'(d + 34) 14.5 


> 
in which 


h =the superheat in British thermal units. 

d =the superheat in degrees fahrenheit. 

C’, =the specific heat at the given pressure p. 

p =the absolute pressure in pounds per square inch. 


4 In order to compare this equation with the experiments of 
Thomas, let us first compute by it the values of C, for the data given 
in Thomas’ Fig. 9, and also given in his Table 1 where h and d have 
been changed from watts and centigrade degrees to British thermal 
units and degrees fahrenheit by making 1 watt = 3.412 B.t.u., ete. 
5 Considering now the values of C, for these six different pres- 
sures there are certain reasons which will appear later for assuming 
the mean value of C,, for any pressure to be the average of the middle 
four temperatures. We shall then provisionally assume them to 
be independent of the degree of superheat as follows: Let these values 
be plotted as shown in the small circles in Fig. 1. They fall very 
closely upon a regular curve, except at 165 lb. From this curve then, 
they may be read as a systematic set of corrected values of C,, for 
the above pressures or any other intermediate pressures desired. 

6 Upon Fig. 1 are plotted, not only the values of p and C,, in 
Table 2, but also the values of d and C,, given in Table 1, the points 
for any given pressure being joined by dotted lines to show the 
deviations of the experimental values of C,, from the assumed mean val 
ues, which last are represented by horizontal unbroken lines. These 
show: First, that the experimental deviations from the mean values 
adopted follow no general fixed law whatever, such deviations here 
being represented on an enormously exaggerated scale by reason of the 
zero of specific heat having been placed so far below the diagram. 
Second, that the values of C,, for 36 deg. fahr. all lie much nearer 
together than do the mean lines assumed; being, in fact, about 
one-half as far apart. Were this drawing together also further 
indicated by Thomas’ experiments, at 18 deg. of superheat, 
one might be led to think that the superheat lines convergs 
more rapidly ‘as they approach zero of superheat, but the 
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f Pp d h Cp Pp d h Cp 
i, on — = a — 7 - - 

36 19.65 0.4880 36 21.5 0.5143 
72 36.2 0.4780 72 41.3 0.5264 
- 108 54.5 0.4862 . 108 59.36 0.5202 
if , 144 69.6 0.4724 oa 144 79.6 0.5286 
180 87.6 0.4772 180 97.7 0.5243 
270 130.3 0.4763 270 140.9 0.5112 
36 20 .33 0.4980 36 22.23 0.5248 
72 37.5 0.4906 72 42.3 0.5359 
0 LO8 55.3 0.4914 165 108 62.1 0.5394 
144 71.5 0.4820 144 $2.23 0.5434 

180 88.7 0.4822 180 101 0.5397 

270 132.9 0.4832 270 143 0.5181 
36 20.5 0.5000 36 22.5 0.5286 
72 38.55 0.5000 72 41.6 0.5292 
35 108 56.64 0.5100 °15 108 62.1 0.5394 
144 72.9 0.4910 144 $1.9 0.5416 

180 91.1 0.4935 180 101.55 0.5421 
270 134.1 0.4888 270 145.1 9 .5250 
36 20.8 0.5043 36 22.9 0.5343 
72 39.6 0.5104 | 72 43 0.5425 
: rom 108 58 0.5105 ae 108 63.2 0.5472 
' i” 144 75.4 0.5051 _ 144 82.9 0.5472 
180 92.8 0.5014 180 102.7 0.5467 
270 136.5 0.4967 270 149.7 0.5300 
36 21.15 0.5009 if 36 22.9 0.5343 
72 40.25 0.5165 72 45 0.5613 
a 108 58.1 0.5113 © 108 64.5 0.5563 
= 144 76.4 0.5163 _ 144 83.9 0.5528 
180 95.2 0.5126 180 104.75 0.5572 
270 38.6 0.5026 270 150.8 0.5438 

TABLE 2 
Pp 7 20 75) 55 75 115 165 215 300 500 
: 

: Cp 0.478 0.486 0.496 0.507 0.514 0.525 0.54 0.538 0.546. 0.557 


experiments at 18 deg. do not bear out this interpretation, and so 
far as they go they confirm the assumption that the lines are straight. 
As, however, the experiments at 18 deg. were made at a set of pres- 
sures differing from the other lines, it is impossible to introduce the 
data for 18 deg. along with those for other superheats. This evidence 
will appear later in Fig. 2. Third, that the values of C,, at 270 deg. 
fahr. are all much lower than the means assumed. Fourth, that 
were it a fact that the superheat lines have the kind of curvature 
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shown in Thomas’ Fig. 17, the dotted lines in this Fig. 1 should all show 
unmistakably a form convex upward such as might be indicated by the 
dotted lines at pressures of 165 215 and 300 lb. Fifth, since corre- 
sponding curves derived from Knoblauch’s experiments are all very 
strongly concave upward, and the values indicated by his experiments 
are for all pressures like the dotted line for 20 lb. in Fig. 1,fin which the 
specific heat decreases at higher superheats, we ought to neglect the 
doubtful indications of convexity that might be suggested at pres 
sures 165, 215 and 300, especially as the specific heats at 165 are in 
grave doubt by reason of the anomalous position of some of them 
so near to or even above those on the 215 line. Sixth, that aside 
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Fig. 1 Tue Curve or Pressure AND Speciric HEA THE DEVIATIONS OF 
THoMAS’ EXPERIMENTAL Speciric HEATS FROM THE MEAN VALUES 


from these there are no general relations discoverable, and that a 
constant value of C_, i.e., a horizontal straight line for each pressure, 
fits these values of C,, as well as any other kind of curve that could 
be suggested for them all. 

7 Since Professor Thomas has, in his Fig. 17, constructed super- 
heat lines for a certain set of pressures, let us proceed to construct 
lines for these pressures in accordance with our equation of superheat 
and Fig. 1. We read from Fig. 1 as follows: In Fig. 2 are drawn 
superheat lines having these values of C,, as the slope, and all pass- 
ing through A which may be called the absolute origin of the specific 
heats of superheated steam regarded as a gas, this origin being 
situated at —34 deg. fahr. and —14 B.t.u. 
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TABLE 3 
Pp 0 20 40) 60 SO 100 150 500 500 
Cp 0.474 0.4866 0.4993 0.5087 0.5165 0.522 0.45308 0.546 0.557 


S Having constructed the lines of superheat on Fig. 2, it is possible 
to construet a superheat curve for any number of degrees of super- 
heat, the codrdinates being absolute pressures and British thermal 
units of superheat. A set of such curves is drawn upon Fig. 2 for 
the degrees of superheat which Thomas investigated and they show 
the British thermal units which must be imparted to each pound 
of steam to superheat it to the degree indicated, on the supposition 
that our equation and Fig. 1 correctly represent the facts. 

9 These two sets of superheat lines and curves may be best con- 


ceived of as profiles of a surface in space, wherein pressures and 


rABLE 4 
KNOBLAUCH THOMAS B.T.T 
} d Cp h Cp h h 
100 0.495 49.5 51.4 1.9 
2 ( 95 99 0.6 
8 44 200 ).4 > . 0.492 100 .6 1.6 
300 0.495 148.5 149.8 1.3 
400 0.495 198 199 | 
100 0.50 50 53.4 3.4 
‘ 200 0.494 98.8 vom 104.1 7) 
SS i) why 
300 0.492 147.6 154.8 7.2 
400 0.492 196.5 205.5 8.7 
100 0.524 52.4 54.9 2.5 
r 200 0.51 102 ‘. 106.7 & 
85.32 — og * 0.518 8 oy 
300 0.505 151.5 158.5 7 
400 0.504 201.5 210.3 S.8 
100 0.544 54.4 55.8 1.4 
ae 200 0.522 104.4 . 108.3 9 
115.76 0.525 - 
300 0.514 154.2 160.8 6.6 
400 0.513 205.2 213.3 8.1 


degrees of superheat are used as coérdinates in a horizontal plane and 
the British thermal units taken for the vertical ordinate. The sur- 
face has approximately a plane slope with one edge at A, but is 
warped enough so that vertical planes parallel to the elge A cut 
the surface in curves not quite horizontal. 
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10 We have also plotted upon Fig. 2 small circles representing tne 
experimental results of Thomas’ experiments in his Table 1 and his 
Fig. 9. The agreement with the theoretical curves is as good as 
are Professor Thomas’ curves in his Fig. 9 for the four middle curves. 
The divergence is greatest at the curve for 270 deg. In Thomas’ Fig. 
15 will be found the results of his experiments with his electric calori- 
if meter compared with the double radiation calorimeter which greatly 
diverge at the 270 deg. curve, though practically coincident else- 
where. I have ventured to place upon my Fig. 2 three of the double 
radiation results of Thomas, as shown by the crossed circles, which 


lie much nearer my theoretical curve. 

11 It is evident that much greater possibilities of experimental 
deviations exist at high superheats, and owing to these contradictions 
and uncertainties I have not included the specific heats derived from 
the 270 deg. experiments in finding the mean specific heats. This 
is the same matter that was alluded to in connection with Fig. 1. 
Regarding the points on the curves at 18 deg. and 36 deg., since the 
slopes C,, will be much more seriously affected by small deviations 
in experimental values of points so near A as they are, 1 have also 
not included these in computing mean specific heats in Table 2. 

12 Now let us consider the fact that the superheat lines of Fig. 2 
fail to pass through the origin of superheat. First, if these lines 
converged so as to meet at d = 0, h = constant, we should at once 


oe 


assume the steam to be moist or to contain entrained water. That 

indeed may be the case even now and it is advisable to make it more 

certain experimentally that no water is possibly carried along 

in the superheated steam; second, it is possible that these lines come 

down to d = 0, h = 0, very suddenly at saturation, either all at the 

same slope or at different slopes. No one at present knows what 
that slope may be, or whether it is a slope or a sudden drop as shown 
in Fig. 2. Consequently, all discussion as to the value of C, at satura- 
| tion, is futile and illusory. Thomas’ experiments shows no more 
about that than appears upon this Fig. 2, and Knoblauch did not 

attempt to obtain the specific heat near saturation at all. The pro- 

longation of any of these curves to saturation is the merest guess. 

In fact, finding the value of C,, at saturation is of no practical importance 

except for the purpose of finding the British thermal units of super- 


heat h, which is represented with approximate accuracy for technical 
bil purposes by our equation or by the superheat lines in Fig. 1. 
hii 13 It has been thought by the writer that for professional purposes 


a chart which would map out the superheat region in a different 
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manner from the foregoing and which might replace tables of the 
properties of superheated steam might be most useful. A part of 
such a chart is given in Fig. 3 based on the foregoing interpretation 
of Thomas’ experiments, and a more complete chart of the properties 
of superheated steam based on the experiments of Knoblauch is also 
appended, as Fig. 4, which was constructed in 1907 by Mr. C. F. 
Shoop under the writer’s directions. Mr. Shoop also constructed a 
plaster model in the spring of 1907 similar to that represented by the 
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Knoblauch curves in Professor Heck’s Fig. 4, which may be seen at 
the University of Minnesota. The curves of constant specific heat 
in the chart, Fig. 4, are the level contour lines of the plaster model. 
[t is evident that using pressures and temperatures as the coérdinates 
to define the state of the superheated steam, it is possible to represent 
the numerical value of any property such as specific heat, entropy, 
etc., as ordinates and so get one surface for specific heats, another 
for entropy, etc. The level contour lines of such surfaces are the 
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lines of constant specific heat, constant entropy, etc., upon the chart, 
from which can be read numerical values of these quantities for any 
given pressure and temperature. In fact the numerical values of 
any two properties might thus be used as coérdinates and the others 
to constitute surfaces by using them as ordinates. What I wish to 
advocate is the advantage in point of simplicity of apprehension of 
using as primary coérdinates, pressure and temperature. 

14 The curves of constant specific heat and constant mean 
specific heat up to any given state may be read upon this chart, and 
the latter may be depended upon as being accurate according to 
Knoblauch’s experiments, having been integrated and checked with 
great care by Mr. Shoop, to whom I am greatly indebted for the pains- 
taking accuracy with which he has executed the computations for 
this chart. Thus the British thermal units at any given state may be 
found with confidence from this chart so far as Knoblauch’sexperiments 
and interpretations justify such confidence. It should be noticed, how- 
ever, that Knoblauch’s actual experiments cover only a part of the 
area charted, viz: that from pressure 28.44 to 113.76 and from satura- 
tion up to about 675 deg. fahr. 

15 On, Fig. 3 the lines of specific heat C,, being constant for each 
pressure are vertical lines, and there are no lines of mean specific heat, 
since the total superheat in British thermal units is h and is to be com- 
puted from our equation when the degree of superheat d is known. 

16 It seems desirable to show numerically how Knoblauch’s 
results, smoothed out by equalizing curves as they are at the four 
pressures he experimented upon, compare with Thomas’ results, 
smoothed out as I have done in Fig. 1 by help of lines whose specific 
heats are constant at constant pressure, by computing values of 
h in both cases, as in Table 4, where C,, designates the mean specific 
heat at constant pressure according to Knoblauch, as found upon 
the chart in Fig. 4. From Table 4 it is evident that within the 
range of Knoblauch’s experiments his results give smaller amounts 
of superheat in British thermal units for the same degree of super- 
heat than do Thomas’ experiments, and the results differ more the 
greater the degree of superheat. The difference, however, would not 
be so great if we accept Thomas’ results at 270 deg. of superheat 
as given in his Fig. 9. 

17 Table 4 covers the entire range of Knoblauch’s experiments. 
In the part of our chart at higher pressures where values have been 
exterpolated by Knoblauch from his experiments, his results are 


also in general smaller than Thomas’ by like amounts, except for a 
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short space near saturation, where some of Knoblauch’s very high 
specific heats (over 0.6) make his results larger than Thomas’ for 
small superheats under 100. 


SUMMARY 


1S Professor Thomas’ experiments furnish no sufficient basis 
for the conclusion that his superheat lines are anything other than 
straight lines. 

19 Those straight lines are represented within the limits of ex- 
perimental error by the equation. 


h =C, (d + 34) — 14.5 


20 His experiments, therefore, show that superheated steam may 
for technical purposes be regarded as a kind of steam gas which 
has a different constant specific heat for each pressure. 

21 His constant specific heats vary with the pressure in a regular 
manner represented by the curve in Fig. 1. 

22 The specific heat lines all start from a single point which 
may be called the absolute origin of specific heats. 

23 The properties of superheated steam may be most con- 
veniently tabulated in a chart in which the state of the steam is defined 
by its pressure and temperature as coérdinates, and numbered curves 
for constant values of each of the other properties which it is desired 
to tabulate. 


Mr. H. H. SupLtee Referring to the question of steam gas, this 
matter is of importance in connection with recent investigations into 
the operation of gas turbines, or rather those turbines using gases 
which have had their temperature reduced by the injection of water 
or steam. In such mixed turbines the temperatures are so high that 
the steam is superheated to an extent which causes it to become 
practical.y steam-gas, and in the computations relating to such work 
it is especially desirable to give the correct specific heat of the mix- 
ture at the high temperatures of operation. 


Pror. WittiaM D. Ennis Aside from any question as tothe rela- 
tive weights to be assigned the Thomas and the Knoblauch and Jakob 
experiments, there is a marked agreement within a certain range, 
(as Professor Thomas has already indicated), within which it is 
most assuredly safe to say that the question is “‘about settled.” 
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The Thomas experiments covered pressures from 7 lb. to 500 lb., abs., 
with superheat ranging from zero to a variable upper limit (noted on 
Fig. 6 and 7 of the description, Proceedings, December 1907, pp. 642, 
644). This limit was in one series of tests, above 780 deg. fahr., the 
German experiments were made at pressures of 14.25, 28.5, 57., 85.5 
and 114. lb. abs., and at temperatures ranging from a few degrees 
above saturation up to 400 deg. cent. 

2 Considering only the ranges included by both observers, we 
have the accompanying table, in which no derived values are given, 
but only those actually obtained by experiment. The italic figures 
are those of Thomas, obtained by interpolation from his Fig. 6; 
those in ordinary type are given by Professor Greene, in Proceedings 
June 1907, p. 1697, from the Knoblauch and Jakob report. From 


Vv 
Fic. 1 For DreMONSTRATION OF RANKINE’S THEOREM 


temperatures 392 to 608, inclusive, the difference in the specific 
heats as independently determined does not exceed 0.01.B.t.u. except- 
ing in the five cases double-bracketed; and in these five cases the 
maximum disagreement does not exceed 0.013 B.t.u. 

3 The heavy black lines indicating the range of what may be 
called the ‘‘close agreement zone” broaden out toward the right, 
the region of higher pressures, in which Professor Thomas’ are the 
only explorations. The high temperature determinations along the 
114 lb. pressure column show a constantly increasing amount of 
divergence between the two sets of experiments. Equally remarkable 
is the steady increase in amount of divergence, along each pressure 
column, as the temperature is decreased. It seems reasonable to 
assume that the limits of accuracy in experiments of this kind would 
lead to just such results. At low temperatures, the quantity of heat 
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measured is small, and more opportunity exists for errors in calibration 
and correction, while the value of the constant is known to be excessively 
variable as we approach the condition of saturation; at high tempera- 
tures, the radiation losses are greater. In some intermediate region 
of temperature, the aggregate of the causes of error falls to a mini- 
mum. 

4 Why, however, should the coincidence between the two deter- 
minations broaden out with increasing pressure? The answer is 
obvious, that if determinations at higher temperatures and under 
pressures below 114 lb. had been made by Professor Thomas, there is 
no reason to believe that the heavy black line marking the limits of 
close convergence would not have been horizontal along the bottom, 
as it is along the top. In fact, exterpolation of points on the uniform 
curves by Professor Thomas gave a very nearly horizontal line, 
dropping only 18 deg. in temperature at 85.5 lb. pressure, and 18 deg. 
more at 114 lb. 

5 Outside the limits of this agreement, we have two courses 
before us: either the assignment of prior merit to one or other of the 
determinations, or an interpretative harmonizing such as Professor 
Heck presents. On a matter which permits of direct experimental 
determination, it would seem best to base any final tabulation on 
the experiments. Professor Heck shows clearly the regions in which 
confirmatory tests are desirable. The searching analysis to which 
he submits the few results obtained near those regions may corrobor- 
ate, but it cannot replace, observation. 

6 There is possibly a chance of confusion in the use of the “true’’ and 
‘‘mean”’ values of the specific heat. In the expression for entropy, 


raTe 

OH 
r . ea ( p log, 7" 

1 if 
e/T; 

the value of C,, must be the mean for a temperature range of T, to T,» 

7 In Professor Thomas’ Fig. 20 (Proceedings, December 1907) 
the total heat in superheated steam, calculated from his experiments, 
is shown not to be independent of the pressure, but to depend on the 
pressure less directly than does that of saturated steam. At high 
values, the total heat, while the temperature remains constant, 
decreases with decrease of pressure for a time, and then increases with 
decrease of pressure. At low values, the total heat continually 
increases as the pressure decreases, the temperature remaining con- 
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stant. Above 1320 B.t.u., there is a definite limited range of pres- 
sures throughout which the total heat remains constant at a constant 
temperature, regardless of the pressure. While the breadth of this 
pressure zone does not increase as the temperature is increased, the 
average departure of the total heat from. the mean value, at any 
temperature, while the temperature varies, appears to grow continu- 
ally less. To this extent, Rankine’s theorem that the total heat is 
independent of the pressure would seem to be confirmed. Rankine’s 
argument rests upon several assumptions, however, mainly with 
regard to the constants used. The development is as follows: In 
Fig. 1, ab represents the evaporation of water from a to dry steam at 
b;b— p,v, represents superheating to temperature 7’,; p,v, — p2v, isother- 
mal expansion, p,v,—c, condensation at p,; ca the heating of the water 
frome toa. If H,= the total heat absorbed along cab-p,v,; and H, 
the total heat rejected along p,v,—c; we have 


H, t ny log, - H, Puts Pos 7 eT, log, "2 
vy vy 
and since 
Py?) P22) 
H, H, 
That is, the total heat at p,r, is the same as that at p,r,; or in other 


words depends on the temperature only, and not on the pressure. 
The assumptions are, that superheated steam is a perfect gas, follow- 
ing the law p,v, = p.r, = cT’, and that the mechanical work done 
during the heating of the water along ca may be neglected. The 
latter assumption may be waived; but the law of expansion of super 
heated steam is at least doubtful. It certainly diverges far from that 
of a perfect gas when near saturation. 

S The analysis indicates the necessity for an accurate table of the 
volumes of superheated steam at various pressures and temperatures. 
Most practical problems involving superheat also involve the use of 
figures for specific volume. This problem and that of the specific 
heat, belong together. When both questions are finally settled, | 
hope Professor Heck will give us a table of entropies, specific heats, 
total heats, and volumes that can be used along with the saturated 
steam table and will be at least as accurate. 
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VALUES OF THE Spectric Hear or St PERHEATED STEAM 
Pressure, lb. per 
sq. in 14.25 28.5 57 85.5 114 
Temperature of 
saturated steam 210 248 289 16 536 


Temperature TRUE SPECIFIC HEATS AT TEMPERATURES STATED 
deg. fahr 
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VALUES OF THE Speciric Heat or SupeRHEATED SteamM—Continued. 


Pressure, lb. per 





OE BRacccntacess. 14.25 28.5 57 85.5 114 
Temperature of 
saturated steam 210 248 289 316 336 


Temperature, 
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A RATIONAL METHOD OF CHECKING CONICAL 
PISTONS FOR STRESS 
By Pror. Geo. H. SHEPARD, PUBLISHED IN FEBRUARY PROCEEDINGS 


Mr. M. Nustm Professor Shepard endeavors to arrive at a rational 
solution of the problem of the stress distribution in a conical piston 
without the aid of the theory of elasticity and by means of the prin- 
ciples of statics alone. He considers the equilibrium of an element 
of the conical shaped piston cut out by two infinitely near meridian 
planes. In arriving at the equation of equilibrium of such an ele- 
ment, the couple or bending moment acting on any meridian section 
of the piston is not taken into account. 

2 The state of stress in a conical shaped piston subject to fluid 
pressure can be specified as follows: Consider an element of the piston 
(see Fig. 1) cut by two infinitely near planes through the axis of the 
cone and by two infinitely near planes normal to the slant height of 
the cone (plane efcd). That is, an element of the cone cut by a 
pair of principal planes. The stress on the face cdef is due to a couple 
(or bending moment) and a resultant thrust. (This thrust will not 
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be normal to the face cdef on account of the existence of a shear). 
Similarly, the state of stress on the face abcd can be specified by a 
couple and a resultant thrust normal to this face. In general both 
the couple and thrust on this meridian section will vary as we go 
along the slant height. The resultant thrust, over the whole section 
made by a plane through the axis of the cone, is of course, given by 
the product of the fluid pressure and projected area of piston subject 
to this pressure. 

3 If nowwe consider, as does Professor Shepard, a whole element 
of the piston cut by two infinitely near meridian planes (see Fig. 2), 
and desire to find the stress on the face whose trace is cd, say, we should 
take into account besides, the fluid pressure over the element abcd. 
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DIAGRAMS ILLUSTRATING STRESS IN PISTONS 


a The resultant thrust on the part of the meridian section 
between b and d. 

b The resultant couple on the same part of the meridian sec- 
tion; for this couple has a component acting on the face 
whose trace is cd. It is this couple (bending moment) 
that Piofessor Shepard leaves entirely out of account in 
wiiting down the equation of equilibrium. 

4 ‘To bring out this point more clearly, consider a flat piston, Fig. 
3. In this case the resultant thrust on any meridian section (or what 
Professor Shepard calls the resistance to collapse) vanishes, while 
the resultant couple over the same section has a definite value. 
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5 Suppose we desire to find the bending moment in the section 
whose trace is bd. It is evident that the couple on the faces whose 
traces are cd and ab have a eomponent about bd which cannot be 
neglected. To neglect these couples (on the meridian sections) would 
mean to consider instead of a solid disc, one that is cut by a series 
of radial planes up to the circle ebdf. 

6 The rational solution of the stress distribution in a conical 
shaped piston cannot be obtained by means of the principals of 
statics alone. One must have recourse to the mathematical theory 
of elasticity, otherwise one is apt to arrive at an approximation only. 


A JOURNAL FRICTION MEASURING MACHINE 


By Henry Hess, PUBLISHED IN JANUARY PROCEEDINGS 


Mr. J. RoypeEN Petrce During the past two years, the writer 
has had an extensive experience in the practical use of ball bearings 
under trying circumstances and is glad to see a scientifically con- 
structed machine to determine accurately the friction in such bear- 
ings. 

2 Engineers in general are not so much interested in the differences 
in the internal frictional qualities of various ball bearings as they are 
in their reliability. The internal friction is too small to be an appreci- 
able element in machine construction. On the other hand, an instru- 
ment such as the journal friction measuring machine of Mr. Hess 
should be of great value in detecting the inferiority of many of the 
ball bearings at present on the market. The final criterion of ball 
bearing quality is undoubtedly its frictional resistance. 

3 If it is true that ‘‘ Plain, simple words best pierce the ear of 
grief,”’ it is doubly true that plain, simple bearings are the only ones 
which stand up satisfactorily under the rough duty of actual usage. 
It would be very interesting to have a set of tests from this machine 
of all the different bearings, less with a view to finding the actual 
friction than to finding the relative advantages or disadvantages of 
the various ball separating devices under different load and speed 
conditions. 

t ‘That the friction in ball bearings is extremely small, will be seen 
from the following personal experience: On 207 ft. of 2 }¢ in. line 
shafting with 32 bearings, a light string passing over a 6 ft. pulley 
easily turned the entire stretch of shaft with its various pulleys, but 
without belts. 
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5 A marble rubbing bed weighing 16 tons and having a moment 
of inertia of 20 200, continued to run for 25 min. after the power was 
turned off. 

6 By substituting in the well known formula 


a « 


A 
: l dt? 


a value of the moment of retardation equal to 56 lb. is found. The 
inner diameter of the footstep thrust is 54 in., consequently 
246 


u ().0077 
32 000 ‘ 


This ineludes the slight friction of two radial bearings in the stem 
and a couple of ordinary bearings on a horizontal quill running light. 
However, it is an example of regular practical operation and shows 
what an exceptionally small coefficient of friction ball bearings have. 
The bearings of these beds were remarkable as having been con- 
structed for a weight of 4 tons instead of 16, and, with one or two 
exceptions, after eight months’ duty they are still running in ap- 
parently perfect order. 

7 The writer is using bearings on spindles running from 1500 to 
2400 r.p.m. operating ecarborundum wheels. Some of these bear a 
weight of nearly a ton, which is an excessive load at this high speed, 
notwithstanding which they last six months with an eight hour day 
service and then require only a new set of balls. When the power 
is thrown off, the speed decreases slowly and shows a good coefficient 
of friction. 

8 Improperly designed cages or ball-separating framework may 
cause excessive wear and heating. An earlier experience showed 
that by the time overheating called attention to trouble, the bearing 
was ruined. The clearance and dimensions of the balls and raceways 
in a well constructed ball bearing are necessarily so exact that any 
distortion by heating either breaks the balls or ruins the raceways. 

9 A testing machine that is sensitive enough to detect small 
changes in the frictional resistance of ball bearings should render 
valuable aid and engineers will eagerly await a complete set of 
experimental data from it. 


Pror. JOHN A. BRASHEAR. I would like to add a note as to the 
early use of ball bearings. 


ij 




















982 A JOURNAL FRICTION MEASURING MACHINE 


2 Inor about the year 1890 we had occasion to take apart and 
repair an old 13-in. equatorial telescope belonging to the Allegheny 
Observatory, the mechanism of which was constructed by the Gurleys 
of Troy in 1856. 

3 At the lower end of the polar axis we found a grooved steel ring 
with about a dozen 3-in. hard bronze balls,some of which were in very 
good condition. I would like to know if any member recalls an 
earlier date for the use of ball bearings. 


Pror. C. H. Bensamin§ It is evident that Mr. Hess in devising 
this machine had in mind a machine for measuring the slight friction 
of ball and roller bearings. Experiments I have made on this class 
of bearings have shown me that it is very difficult for the ordinary 
machines to work accurately enough, on account of the very small 
coefficient of friction with reference to the surface of the journal. 
I think that the manner of applying the load for the radial measure- 
ments, the radial pressure upon the bearing, is not quite clearly 
shown in the paper. I had some difficulty in understanding just the 
way in which that load was applied, although it is clearly shown how 
the amount of friction is to be measured. In designing machines for 
testing ordinary journals without ball or roller bearings, I think a 
more simple method should be used. 

2 In order to dothis several things must be considered. Inthe first 

place, the bearing to be tested should itself be insulated as completely 
as possible from any other bearings in the machine—so that the 
heat generated by the bearings of the driving shaft or the auxiliary 
shafts shall not be communicated to the bearing which is to be tested, 
and this would necessitate a different method of construction from 
that indicated. 
3 According to my experience with journal friction machines, 
of which I have had quite a little in the last few years, most of the 
machines are too complicated, and I think there is still room for a 
simple machine with which commercial journals can be tested under 
commercial conditions, one capable of carrying the heaviest loads 
which such journals would be required to bear, and having its test 
journal insulated’ as before mentioned. The temperature of the 
bearing is usually quite as important as the coefficient of friction. 

4 With all due credit to the various manufacturers of journal 
machines now on the market there is still great room for improve- 
ment. This criticism, however, does not apply to the machine de- 
scribed in the paper because, as I said before, it is manifestly intended 
for testing ball bearings and not ordinary journals. 
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SOME PITOT TUBE STUDIES 


By Prors. GREGORY AND ScHopEeR, PuBLISHED IN May ProceEDINGS 


Mr. G. A. Orrox I have been greatly interested in the work 
done with Pitot tubes by Professors Schoder and Gregory, Mr. White, 
and the other gentlemen who have been experimenting with them. 
The curves given by the authors of the paper show in a very good way 
the eddies and other peculiarities in the flow of the water around 
bends. In making some power plant tests I have had occasion to 
measure the condensing water by the use of Pitot tubes placed in the 
condenser discharge pipe. This pipe was 36 in.in diameter with a 
number of bends and no piece of straight pipe of sufficient length to 
free the current of water from eddies. In making the traverses | 
obtained curves which were almost identical with these curves shown 
by the authors. 

2 - Referring to the use of up-stream and down-stream Pitot tubes 
[ have attempted to use them but with negative results, it being 
almost impossible to secure anything that was consistent; this prob- 
ably because of the difficulty of keeping the two tubes directly op- 
posite and in line with the flow of the water. I got much better re- 
sults by using a Pitot tube with a Jong nozzle in the line of flow, the 
velocity opening being a surface of revolution, and the static opening 
four longitudinal slots, 90 deg. apart in the surface of the outer pipe. 

3 The constant of thistube I find to be almost invariably, within 
limits, 100 per cent. 


Dr. SANFORD A. Moss I have been greatly interested in the por 
tion of this paper referring to use of ‘‘down stream readings’ of a 
single opening pitot tube. If it is possible to formulate a definite 
law between “‘impact head’’ (difference between “up stream read- 
ing’ and “static pressure’) and ‘‘down stream head’ (difference 
between ‘‘static pressure’ and pressure shown by tube pointing down 
stream), the method of using a direct and reversed tube for computa 
tion of actual velocity and actual static pressure would be very useful 
in hydrodynamic work of all kinds. I believe a great deal of experi- 
mental work must be done before a definite law can be formulated 
in the matter. I believe that the relation between “impact head’’ 
and ‘‘down stream head’? may vary with the shape of the impact 
tube, density and velocity. 

2 Some time ago I planned to use up stream and down stream 


readings for measurement of flow of air in straight pipes for cases 
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where there were irregularities due to previous elbows, ete., the idea 
being to obtain true velocity and static pressure by exactly the 
method used in the paper. 

3 Experiments to determine the coefficient were made by use 
of an impact tube pointing first up stream and then down stream 
in a jet escaping from an open pipe into the atmosphere. In such a 
case if the observations are taken at a little distance from the end of 
the open pipe, the static pressure is known to be atmospheric. 

t The relation between the up stream head and the down stream 
head varied with the velocity to an extent which was not precisely 
determined. Most important, however, was the fact that the down 
stream head reading was greatly affected by the shape oj the tube. As is 
well known, the up stream reading, or true impact reading, always 
gives the velocity head regardless of shape of tube. This certainly 
does not apply to the down stream reading. A similar experiment 
was made with a small impact tube in a steam jet of high velocity. 
The down stream head in this case was much smaller than in other 
cases. 

5 It also seems probable that the down stream reading is greatly 
affected by slight angularity of the stream lines caused by local 
eddies, etc. It is certainly true that the static opening or side open- 
ing of an ordinary pitot tube is similarly affected. This seems to 
indicate that a down stream tube, or a side opening for measurement 
of static pressure, is unsatisfactory, except for parallel flow in a 
straight pipe. However, in such a case, it seems tolerably certain 
that the static pressure throughout is the same as the pressure 
measured by a hole in the pipe wall. 

6 The Pitometer Company have developed a system for measure- 
ment of flow of water in pipes from sum of down stream and up 
stream heads. They use an experimentally determined coefficient 
for multiplying velocity as computed from total head, to obtain the 
true velocity. This coefficient was originally 0.8, but I am informed 
by Mr. Cole that 0.84 is shown by recent experiments to be a more 
accurate value. The reciprocal of this, 1.19, corresponds to the 
value C in the present paper given as 1.133. There is here a 
discrepancy of 6 per cent. The values of this ratio C, givenin the 
present paper seem quite discordant and values from 1.09 to 1.21 
occur in the region away from the edges of the pipe. 

7 In my own work in this matter, instead of using C, the ratio of 
velocity computed from sum of up stream and down stream heads, 
to the actual velocity, | have used the direct ratio of down stream 
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head to up stream or true velocity head. This is C? 1. This is 
the ratio between the directly observed quantities, and different 
values of it indicate the direct uncertainty in the matter, better than 
the different values of C which have a much smaller percentage 
difference. Various values of this direct head ratio are given in the 
accompanying table. 


TABLE OF RATIOS OF DOWN STREAM HEAD TO IMPACT HEAD 


static head down stream head) + (Impact or up stream head statie head 
Value corresponding to C 1.133 of present paper ‘F 0.28 
Value corresponding to Pitometer coefficient 1/C 0.84 0.42 
Value corresponding to Pitometer coefficient 1/C = 0.80 0.56 
Value obtained by writer with air 0.25 to 0.40 
Value obtained by writer with high velocity steam 0.28 


Pror. H. T. Eppy I fail to see how it is theoretically possible 
that the readings of a Pitot tube, directed down stream, should have 
any necessary relationship to the velocity of the stream; or be of 
any importance. It is theoretically and experimentally known that 
the readings of a Pitot tube directed up-stream will increase with 
every increase of stream velocity, however great. But when directed 
down stream there is a certain velocity of stream which would in any 
given case produce a suction head as great as the depth of immersion, 
and any stream velocity greater than that would draw air into the 
water through the tube, thus making it impossible to read any of 
these greater velocities by a tube directed down stream. 

2 Somewhat the same phenomenon is observed in the wake of a 
ship, where there is a depression of the water at the stern. No matter 
what the speed of the ship, the pressure at the stern cannot be less 
than that of the atmosphere. It would seem to me then, that down- 
stream readings of the Pitot tube must, in general, from the nature of 
the case, be illusory. There is a possibility however that for any low 
velocities a Pitot tube might be so rated experimentally as tomake 


such readings of some value. 


COMPARISON OF SCREW THREAD STANDARDS 
By AMASA TROWBRIDGE, PUBLISHED IN JUNE PROCEEDINGS 
Mr. LurHer D. Burtincame There seems to be a persistent 


demand for screw threads of a finer pitch than those derived from the 
formula for the U.S. or Franklin Institute standard. 
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2 This demand has been met by the automobile manufacturers 
by the adoption of a standard having radically finer pitches than 
the U. S. standard. This new standard, however, does not meet the 
more important needs of machine tool builders and other manufac- 
turers having similar conditions to deal with, for use as a standard for 
bolts, screws, studs, etc., as the thread is too fine where used in cast- 
ings as well as in steel. 

3 That the U.S. standard has too coarse a thread to give the best 
results on the class of work just referred to has been repeatedly pointed 
out. The Brown & Sharpe Manufacturing Company discarded it 
30 years ago and have since used a standard of their own with a 
finer pitch covering sizes from 1 in. diameter down to # in., the pitch 
of the threads being intermediate between the U. S. standard and the 
new automobile standard, called the A.L.A.M. standard. 

4 In the discussion of the paper by Chas. C. Tyler at the Boston 
meeting of this Society in 1902, at least five different formulas were 
suggested for obtaining finer threads. All those taking part in the 
discussion favored finer threads for thesmallsizesof screws. Wilfred 
Lewis said at that time: ““The pitch of the standard } in. screw is gener- 
ally admitted to be too coarse and many taps and dies for this size are 
now made with 24 threads to the inch instead of 20.’’ The pitches 
recommended by the Committee on Standard Proportions for Machine 
Screws are a good average of the pitches up to and including #5 in. 
diameter recommended by the different authorities at the Boston 
meeting. That these pitches of the A. 8. M. E. standard come mid- 
way between those in use by the Brown & Sharpe and Pratt & Whitney 
companies for the small sizes from } in. down to % in. is a good indica- 
tion that they give a fair average. 

5 The suggestion now made in Mr. Trowbridge’s paper that the 
A. 8. M. E. standard for pitches should be generally adopted for these 
small screws seems in the right direction. Healso points out the 
objection to the U. 8. standard as being too coarse for sizes below 
isin. and recommends a standard that is finer. 

6 Mr. Chas. T. Porter has consistently and ably urged the adop- 
tion of finer threads and gave his reasons in a paper before this Society 
presented at the New York meeting in 1902 and has continued to urge 
it since. Arguments in favor of using a finer thread for the regular 
machine screws up to 1 in. are that the screw is stronger and the tap 
ping cheaper. 

7 The British Engineering Standards Committee have, within a 
few years, adopted a standard for fine threads to provide for the same 
need that has been pointed out as existing in this country. 
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8 With Mr. Trowbridge’s suggestion as a starting point, it seemed 
possible that a formula might be devised that would follow the A. S. 
M. E. standard as far as the in. size and for larger sizes give a new 
series of pitches intermediate between the U. S. standard and the 
A. L. A. M. standard, thus, by making one formula cover the whole 
ground, “killing two birds with one stone,” as it were. 


® Fractional Sizes 


¢ Decimal Sizes 


Diameter of Screw 





o 0 22 0 © wD O 0 8 
Threads per Inch 


Fic. 1 Curve Proposep sy AUTHOR 


9 I have succeeded in deriving such a formula and it produces the 
curve shown in diagram No. 1, the formula being 


. roms 4.7 Pp e D 
N =5:! or = ” 
+ D 5.5 D+ 4.7 
When N = the number of threads per inch 
and D = the outside diameter of the screw. 
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10 This curve follows the pitches of the A. 8S. M. E. standard up 
to # in. diameter as closely as the curve produced by their published 
formula. That this is possible is due to the fact that the committee 
departed from their exact formula sufficiently to give even pitches 
and still further to retain some of the pitches already in use. 
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hig. 2. Curve ror Prrenes INTERMEDIATE BeTWEeen U.S. AND A. L. A. M. 


STANDARDS 


11 Commencing at | in. the new formula gives a series of pitches 
intermediate between the U. S. standard and the A. L. A. M., as 
shown in diagram No. 2 and the accompanying table. df it should 
not be considered objectionable to use odd numbers of threads, the 


series would follow the formula almost exactly. My preference, 
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however, would be to depart from the formula to the extent necessary 
to keep the pitches in even figures, as was done when the A. 8S. M. E. 
and A. L. A. M. standards were established. 


COMPARATIVE TABLE OF PITCHES 


NO. OF THREADS PER INCH 
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f 2 @ = @&. _ WD x : 3 = 
= = a <- Pal ee 
27 4 34 6 
24 t i 6 
2 4} 4) 7 
14 6 6 & 
1} 7 7 i) 
1 8 8 10 14 10 8.5 7.3 10 
9 9 ll i4 10 10 
} 10 10 12 16 12 ~ 
2 11 11 14 18 12 14 
12 12 16 15 14 14 
13 12 16 20 14 14.8 12 16 
fs 14 14 1s 20 14 16 
2 16 16 20) 24 16 1S 
Ys 18 18 22 24 20 20 
j 20 20 25 28 24 “v 22 4 
Is 
{) 
if 
4 44 
= 
FORMULAE 
U.S. Standard 
6D + 10 2.909 
P v1 iwi ] a 





r “16 64 
P 24~0/ D + 0.625 — 0.175 
British Fine Standard 
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Bond Standard 
P = 0.23 V D + 0.625 — 0.175 
Lewis Standa d 
P 0.22 VY D+ 0.25 — 0.11 
Proposed Intermediate Standard 
, ee 
N 5.9 + p or 


. D 
I 5.5D+4+ 4.7 


12 The new formula here presented gradually diverges from the 
A. 8. M. E. standard for sizes larger than ; in.,forthat standard soon 
crosses' the line of the U. 8. standard and becomes even coarser than 
the U. 8S. standard beyond % in. as seen in Mr. Trowbridge’s diagram. 

13. The proposed standard has this to commend it, that it is simply 
an extension of an already established standard rather than the adding 
of an entirely new one. It is one that would give a proper propor- 
tion of diameter to pitch for sizes from the smallest watch screws up 
to the largest bolts and screws. 

14 While on general principles I hesitate to suggest anything 
which would seem to add to the number of standards for screws, | 
feel that sooner or later this problem will have to be dealt with and if 
it is authoritatively done by this Society, it will be settled once for all. 


Mr. F. A. Hatsey There is no doubt but that there is need of a 
standard for fine screw threads. Under the present conditions as time 
goes on people will adopt standards of their own, and eventually 
there will be great diversity. Under these circumstances it seems 
wise to take action on this matter and establish a standard that will 
be generally adopted. Mr. Burlingame has opened the subject, and 
I move that a committee be appointed to consider: the matter. 
[The motion was seconded and carried.—-Eprror. | 


IDENTIFICATION OF POW ER-HOUSE PIPING BY COLORS 
By Wa. H. Bryan, PUBLISHED IN JUNE PROCEEDINGS 


Mr. G. E. MircHett The engineering profession should feel 
grateful to Mr. Bryan for placing before this Society asubject worthy 
of more attention than has been given it in the past. If its impor- 
tance is fully appreciated it will lead to the adoption at this time of a 
standard color code. 
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2 The scheme in general is so well covered by the paper that a 
few suggestions from the members covering points which may 
appear to have been omitted or which they know from actual 
experience tends toward simplicity without loss of efficiency, should 
help in the adoption of a standard. 

3 It seems to the writer that one color should stand for all high 
pressure steam lines, whether for main engines, auxiliary engines or 
Holly drip; the same being true also for all exhaust or low-pressure 
lines. 

4 If found advisable to distinguish between pipes leading to the 
main engines and those of auxiliary engines, in place of using differ- 
ent shades of the same color, which after months of service might be 
hard to pick out, could not the main engines be numbered 1, 2, 3, 
or Al, A2, A3, etc., and the auxiliary engines 01, 02, 03, or B1, B2, 
B3, etc., and these designations be placed at the point of an arrow 
marked on the pipe showing direction of flow in the pipe. This 
would reduce the number of colors. 


Pipe Marked for Superheated Steam 





ie f 


— _ — a 


Pipe Marked for Saturated Steam 
SyMBOLS FOR IDENTIFYING PirEe LINEs 

5 I believe also some distinguishing mark could be used to sepa- 
rate saturated and superheated lines and still use the same body color 
showing high pressure steam. Assume, for example, that red is 
adopted for a high-pressure pipe line. If this pipe line was for super- 
heated steam, it might be indicated by a black circle containing a 
white letter “S” placed at the point of the arrow indicating direction 
of flow. Another pipe line for high pressure saturated steam would 
also be painted red, but at the points of the arrows there would 
simply be a number indicating the engine or auxiliary to which it 
was connected, as mentioned above. (See Fig. 1.) 

6 This scheme requires but one color for all high pressure steam 
lines, and when possible I believe the darker colors should be used in 
the boiler room, as the lighter ones will become easily discolored, 
owing to the nature of the work around a battery of boilers. 
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7 A standard color chart hung in the chief engineer’s office or 
under the licenses of engineers and firemen-would prove a ready refer- 
ence. 

S There is one other point | believe should be considered at this 
time as it bears a close relation to all power house piping and that is 
valves. Some valves open right-handed and some left-handed, and 
while the writer is firmly of the opinion that only rising spindle valves 
should be used in important work, there are many places where such 
is not the case, and even though the valve manufacturer is today 
marking in some way the “direction of closure,” are they marked so 
prominently that in emergency cases, where seconds often count, 
the operator can feel sure of this direction? Can we not mark valves 
so that the direction of closing cannot be mistaken? 


Mr. Frep’k W. Satmon’ It appears to me to be beyond question 
that we need and should have at the earliest possible date a standard 
system of marking piping in power plants both by colors and by certain 
conventional lines on drawings and plans. 

2 I think such a system should be uniform throughout this coun- 
trv if not throughout the world, and in government work as well 
as private work, and further it should include simple markings for the 
different kinds of valves and cocks, such as single gate, double gate 
and globe valves, plug cocks, ete. 

3 1 would strongly advocate the use of conventional Jines and 
marks which may be put directly on the tracings of a power plant, 
steamship, distillery or whatever the drawing may apply to, and so 
appear clearly on every blue print or copy issued from it; and to 
further its general use the system should be very simple and the lines 
or marks easily made with the ordinary drawing instruments. 

! It would be advantageous to have small pieces of thin tracing 
cloth or paper, about 2 in. by 3 in., printed in black ink, with heavy 
faced type, stating that the A. 8S. M. Ek. standard piping marks are used 
on that drawing, and giving below the conventional marking and 
lines, and also stating the corresponding color. One of these labels 
could be secured by transparent varnish to each tracing on which piping 
appeared, so the draftsman working upon the drawing would always 
have the table before him, and a correct copy of the table would 
appear on every print made from it. 

5 If the insurance companies were brought to realize the value of 
such safeguards to property and life as this, it is possible they would 
arrange a schedule of rebates to be applied to risks where such useful 
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schemes were in use, and these rebates in turn would influence the 
adoption of safeguards. 


Mr. Joun W. Lies, Jr. This paper is of a character not requiring 
extended discussion as it speaks for itself. 

2 The need of some conventional method of indicating the uses to 
which the different pipe lines are put in power plants is obvious. 
The importance of continuity of service in the conduct of power plants 
is paramount, and therefore the necessity of meeting promptly any 
emergency that may arise is evident. It is undoubtedly true that 
such a system as indicated in the paper would go far toward achieving 
such a result. It is evident, however, that because of the different 
kinds of service it has been necessary to cover; it would be very diffi- 
cult to arrive at a sufficiently comprehensive scheme without exhaust- 
ing all the prismatic colors. Stencils also should therefore be used, 
indicating by lettering the detailed use of the pipes; but this should 
not prevent the adoption of a general color scheme. 

3 This is a matter which might well be made the subject of 
standardization, and the only question is whether the matter has 
been sufficiently considered in all its phases to be ripe for standardiza- 
tion at the present time. 

tf It would appear to me that following the suggestion made by 
the writer of the paper, this matter might well be laid before the 
Council of the Society for their consideration before action is taken 
leading to the appointment of a committee; and I would therefore 
move that the suggestions made in this paper as to the formulation 
of a code of symbols for power house piping be referred to the 
Council of the Society for consideration. [This motion was seconded 
by Mr. L. D. Burlingame—Ebtror. | 


Mr. GeorGe A. Mattsson This coloring of pipes has been done 
on every steamship on the Great Lakes. Take for instance the new 
D. & C. steamer, City of Cleveland, completed afew monthsago. The 
pipes are all colored, and we not only colored the hot and cold water 
pipes, the air pipes, suction and discharge pipes, etc., but also the 
conduits for electric wires. The pipes on such a ship are so numer- 


ous that the coloring is necessary. 
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ECONOMY TESTS OF HIGH SPEED ENGINES 
By Messrs. DEAN AND Woop, PUBLISHED IN JUNE PROCEEDINGS 


Mr. Geo. H. Barrus The striking thing which these tests show, 
to my mind, is that unpacked piston valves, or balanced valves which 
do not automatically take up wear, often leak so much in ordinary 
service that engines equipped with them are most wasteful steam 
users. I think that engineers generally who have had occasion to 
test such engines fully realize this fact. It certainly conforms to 
my experience in the matter. Beyond this, I see nothing especially 
striking in the results, and I am unable to draw any positive conelu- 
sions from them as to the comparative economy of the different types 
of valves. 

2 In the case of balanced flat valves with distance strips, leakage 
may be due to improper adjustment, to wear, or to both of these con- 
ditions, and two engines of the same type, having had the same 
period of service and the same care, might show quite different econ- 
omy owing tothe difference which might exist in the adjustment of the 
distance strips. Consequently, the No. 4 engine referred to in the 
paper, with four flat valves, cannot rightfully be compared with No. 
1 and 2 engines having single flat valves as is done in the author’s 
comments, anless it is known positively that the adjustments of these 
strips in the different cases were as favorable in one as in the other. 
Upon this point no information seems to have been obtained, and, 
in its absence, any comparison appears to me useless. The same 
may be said as regards a comparison of flat valves and piston valves. 
The former may have been in proper adjustment, or they may never 
have been in proper adjustment, apart from any question of the effect 
of wear or other points of design. 

3 It would have added much to the interest of the paper if there 
had been included in the list of engines one or more having single 
piston valves with ring packing, in which the wear of the valve is 
automatically provided for by means of the flexible ring. There are 
many engines of this kind in successful operation, and they form one 
of the representative classes of high speed engines. I have tested 
many of these packed piston valves by putting full steam pressure 
on them with an open vent and making the customary ocular demon- 
stration of leakage, both with new engines and with those which had 
been in practical service for various periods up to one year or more, 
and I do not recall a single instance where leakage of any consequence 
revealed itself. 








ECONOMY TESTS OF HIGH SPEED ENGINES 995 


Mr.C. A. Dawtey The tests reported by Messrs. Dean and Wood 
are of much interest to steam users when considered as a collection 
of isolated tests on automatic engines under various conditions of 
type, size, speed, load, steam pressure, steam quality, back pressure, 
over-rating and under-rating. They shouldbe of value as an indi- 
cation of what results in the use of steam are being obtained in the 
operation of these individual engines. However, it is a principle too 
well recognized to be overlooked, that in seeking for reasons and 
arriving at conclusions as to the cause of variations in performance, 
it is necessary to change conditions one at a time, if their relative 
effects are to be properly estimated. For this reason it seems to the 
writer that any sweeping dictum as to what type of engines manufac- 
turers should or should not build, is not warranted as a conclusion 
from these seven engine tests. It seems especially rash to conelude 
that reduction of clearance space, shortening of ports and separation 
of admission and exhaust passages, accomplish nothing, merely be- 
cause the two engines in these tests, which were so arrranged, were 
fitted with pressure plate balanced valves which leaked. 

2 It is well understood that a type of valve which follows up its 
own wear is always tighter than one that depends on exact fit for 
tightness, and that as both types of valve wear with use, the former 
maintains its original economy much better than the latter. The 
fact that the four-valve engines tested were fitted with leaky valves 
should not be used as an argument against four-valve engines. 

3 The rather poor results obtained in most of these tests are 
attributed by the authors chiefly to valve leakage. There is another 
factor not touched upon, which may be equally important; viz: 
piston leakage. This is usually assumed to be small, chiefly because 
(on account of condensation and other uncertain elements) there is 
no reliable way of determining its extent. The writer has had occa- 
sion to make numerous tests on piston leakage in air-compressor cyl- 
inders where all other conditions except the piston and its packing were 
kept constant and where all other sources of loss were measured with 
great care. Measurements made on the same machine (of a size in 
the same range as engines reported in these tests) showed leakages, 
expressed as a percentage of piston displacement, of 4.39, 7.75, 13.30 
and 14.85, or approximately 5 to 15 per cent. 

4 These results are under rated conditions of load, and the worst 
of them was obtained with a type of piston rings in very wide use 
in both steam and air cylinders. Smaller machines show worse and 
larger ones, better results. 











96H ECONOMY TESTS OF HIGH SPEED ENGINES 


5 It cannot be said that air and steam have equal inherent “leak- 
iness’’ and I have had reason to believe that there is a difference 
but these results would certainly hold true relatively, if not absolutely, 
for steam as for air. Il merely wish to bring out the necessity of con- 
sidering a factor usually neglected in investigations of causes for lack 


of expected economy in steam engines. 


Mr. Ricnharp H. Ricr The tests reported by Messrs. Dean and 
Wood are extremely interesting, as showing the actual performance 
of engines in service in the power stations of users, and receiving the 
ordinary care which such power stations provide. Tests of this 
nature are very difficult to obtain, because they involve tests of the 
boiler plant as well as of the engines, and considerable changes must be 
made in the arrangement of the station to permit these tests to be 
made with accuracy. There is also difficulty because of the commer- 
cial requirements of the customer which always interfere to a great, 
and usually to a prohibitive extent. The Society is therefore 
fortunate in obtaining such accurate and satisfactory tests on these 
non-condensing machines. 

2 The tests indicate conclusively that the refinements of construc- 
tion which have been considered necessary to secure high economy 
in high-speed non-condensing engines, such as small clearance, prompt 
valve action, accurate adjustment of the compression, etc., are of no 
importance whatever when the engine has once been put into service, 
since the question of leakage is shown to be the all-important element 
in the efficiency of an engine of this type. All engines containing 
valves sliding on their seats, whether these valves are piston, plain 
slide or balanced valves, one, two or four per cylinder, are shown to be 
subject to this great source of loss, and therefore, until this difficulty 
is eliminated, consideration of the minor refinements is unnecessary 

3 The tests also indicate one of the chief reasons for the superior 
economy of the compound engine, as compared with the simple engine, 
which is, that leakage through the high-pressure cylinder is all caught 
in the low-pressure cylinder and there utilized. In the low-pressure 
cylinder, again, the leakage is less in amount and importance, due to 
the low pressure involved. This point has undoubtedly much to do 
with the success of this type of engine. Unfortunately, however, the 
compound engine is not well adapted for non-condensing use, since 
it requires to be loaded at about the point for which it was designed, 
otherwise the distribution of work in the two cylinders becomes de- 
ranged, and for light loads the low-pressure cylinder actually increases 
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the water rate of the engine, as compared with asimple non-condens- 
ing machine, due to the formation of loops in the indicator cards 
and consequent development of negative work in both cylinders. 
This fact has been proven time and again in practice and on varying 
loads—for instance, in railway work where the load is particularly 
variable several power stations have been entirely remodeled, due to 
the great cost of operating them with non-condensing compound 
engines. 

tf One significant feature of the results of tests reported is shown 
by plotting water rate curves of the engines, by which it will be seen 
that the proportioning of the engine cylinders is in many cases entirely 
wrong for the generators to which they are attached, and there is 
tremendous variation in the adaptability of the engines to their gen- 
erators, which fact seriously affects the showing made by various 
engines. For instance, engines A, B and C show marked improve- 
ments in efficiency by increase of load, and it is quite evident that if 
the load were increased to a considerable extent on these machines 
the efficiencies would be increased correspondingly. 

5 The tests are too few in number to give any reliable information 
as to the relative freedom from wear of any given type of valve. | 
regard it as entirely accidental that the piston valve engines, A and 
B, give better results than any of the other types. It ishowever dis- 
appointing, as pointed out by the authors, that the four-valve engines 
which have been provided with considerable additional complicated 
mechanism for the sake of securing higher efficiency, should produce 
results no better than the other types; and it is quite evident from 
these tests that additional complication introduced into valve mech- 
anisms for the purpose of securing greater efficiency is complication 
thrown away, until a type of valve is used which will be sure to be 
tight. 

6 Some years ago my attention was called to the double poppet 
valve, which is so widely used in Europe for engines of slow and mode- 
rate speeds, and which at that time appealed to me as being the only 
valve which could be properly used with highly superheated steam. 
kxperience with this valve was entirely satisfactory under all con- 
ditions, and if such a valve is properly made, with itsseat so designed 
as to expand at the same rate and under the influence of the same 
temperatures as the valve itself, | believe that this valve is the best 
one for all classes of engines where the speed of the engine is suffi- 
ciently. low to permit the valve to seat without noise or shock, elimi- 


nating as it does all rubbing surfaces from the valve itself. Experi- 
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ence with single poppet valves in steam turbines has indicated that 
such valves, if once tight, will remain tight indefinitely; that wear 
simply brightens up the seats and puts them in better condition; and 
the double poppet valve, if so designed as to be free from differential 
expansion with its seat, is also likely to maintain its tightness. 

7 Comparing the engines tested with similar capacities of steam 
turbines, the water rates obtained in these tests are considerably 
higher than those which are obtained from the turbines. It may be 
objected that the turbine water rates are obtained from machines 
comparatively new, and that it is not known that turbines will retain 
their original water rate indefinitely. This contention is however 
not in accordance with the facts. 

S A number of tests have been made on turbines which have been 
in constant operation for from one to two years, and these tests show, 
within the limits of accuracy of the test methods that the water rates 
of the turbines tested are the same after the completion of the above 
mentioned periods of use as at the beginning. Unfortunately, the 
conditions under which these tests were made have not been such 
as to permit them to be properly laid before the Society at this meet- 
ing, but it is expected that in the near future a number of tests of the 
same high class as those under discussion, can be made by independ- 
ent engineers, which will show the actual performance of turbines of 
similar capacities after extended periods of use, for comparison with 
the figures given in the paper under discussion. 

9 Comparing the engine with the turbine, we have in the engine 
a number of rubbing surfaces, deterioration of which immediately 
affects the efficiency of the engine to a serious degree. These rubbing 
surfaces are contained in the valves and seats, and in the piston pack- 
ings. It is true that these parts are lubricated by well known means, 
but this lubrication is essentially imperfect, since it depends upon 
the atomization of the oil in a current of steam, and its deposition 
on the cool surfaces of the valves and eylinders, a process which is 
subject to great variation in effectiveness. This is particularly so 
where the steam carries considerable moisture, in which case it is 
well known that the lubricant becomes rapidly washed off from the 
surfaces, instead of being left on them in a position to do its proper 
work. What occurs in the case of considerable moisture is only a 
well-defined indication of what actually takes place to a lesser extent 
at all times during the operation of the machine and this irregular 
and uncertain application of the lubricant occurring continually dur- 


ing the operation of the machine, results in the wear which has caused 
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the leakages which have in turn caused the loss of efficiency noted in 
the engines under discussion. 

10 In the steam turbine we have no parts exposed to the steam 
and affecting the efficient operation of the machine, which require 
lubrication; and discussing now particularly the Curtis turbine, with 
which I am most familiar, we have no moving parts affecting 
steam consumption which come in contact with other parts, either 
moving or stationary, with the exception of the admission valves, 
which are of the single-poppet type and which wide experience has 
shown remain tight when once put inthis condition. Afterthesteam 
has once passed into the nozzles, the only parts which can affect steam 
consumption by deterioration are the nozzles and the revolving and 
stationary buckets. 

11 No cases have come to my notice in a wide experience covering 
many hundreds of turbines in operation for periods of from five years 
downwards, where nozzles have deteriorated with the exception of 
one case, where by error some improper material was introduced 
into the nozzles of one stage of a Curtis turbine exposed to the influ- 
ence of salt water inthe steam. In this case the nozzles rapidly deter- 
iorated, but other nozzles constructed of the proper material in the 
other stages of the same turbine, showed no deterioration whatever. 

12 The revolving and stationary buckets, formerly made of steel, in 
some cases showed deterioration after two or three years’ use in cases 
where salt and moisture were present in the steam, and where the turbine 
was frequently allowed to shut down and allowed to stand for a sufficient 
length of time to allow rust to form on the surfaces. Present prac- 
tice with this particular type of turbine is to use bronze buckets, 
which are not subject to any deterioration, so far as experience has 
demonstrated. It is true that damage has occurred to both nozzles 
and buckets by the passage through the turbine of foreign substances 
like bolts, nuts, core sand, and other improper material, but such dam- 
age has always occurred during the early life of the turbine when the 
valves are opened and the steam acquires sufficient velocity to pick 
up such foreign substances and carry them along through the moving 
parts. Engtnes are not exempt from this source of damage, as has 
been repeatedly demonstrated to me in my connection with engine 
construction. 

13 The question of packings needs some discussion, since it might 
be claimed that in the turbine there are packings which could cause 
leakage, and this leakage would very likely cause loss of efficiency. 
Experience shows, however, that the packings of a turbine are fully 
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as reliable and remain fully as tight as those used in ordinary engine 
practice. 

14 Non-condensing, simple, high-speed reciprocating engines in 
sizes up to 150 kw. capacity are therefore subject to the following 
causes of loss of efficiency: 

a. Wear of valves and pistons, causing excessive steam leak- 

age. 

' Loss of efficiency on variable load, due to the disturbance 
of cylinder conditions, which is well known to occur unde 
such conditions of loading. 

15 Compound non-condensing high speed engines with steady 
loads at about the rated capacity will eliminate the first source of loss 
mentioned, but are unsuited for varying loads and are much more 
expensive. 

16 Steam turbines, while showing a lower steam efficiency under 
test conditions, maintain their efficiency indefinitely and also main- 
tain an average efficiency under varying loads equal to the actual 
test efficiency at the load which is the mean of such variations. The 
efficiency of such turbines is at all times considerably better than the 
engines tested by the authors of this paper. 

17 Therefore, for all practical conditions, the non-condensing 
steam turbine of capacities up to 150 kw. is more effectual, from 
the standpoint of maintained efficiency, than any form of high-speed 


reciprocating engine. 


Mr. R.C.Srevens The authors of this paper have performed a 
good service in bringing out so prominently the peculiar advantages 
possessed by some types of valves, which are initially steam tight and 
which by design and construction compensate for wear and remain 
tight instead of wearing loose. Valves which are non-adjustable for 
wear of necessity have two or three thousandths of an inch clearance 
when new, even if fitted with the highest mechanical skill, and after 
operation for short periods permit the leakage of much steam into 
the exhaust without useful work being accomplished thereby 

2 The writer shows herewith a valve of the adjustable type not 
included in the reported tests of Messrs. Dean and Wood, but now 
in use on some 8000 engines. It has so proven itself that the makers 
guarantee it will remain tight for a period of five years without adjust- 
ment or attention. 

3 The valve is accurately fitted to its seat by scraping and 80 per 
cent of its area is relieved of pressure by a balance ring which rides 
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against the steam chest cover (not shown). This ring is free to re- 
volve and changes position with every stroke of the valve, preventing 
any creasing or cutting of valve seat, ring or cover. Steam packing 
rings prevent leakage between the ring and hubof valve. The construc- 
tion is such as to allow large port area, which is necessary to proper 
steam distribution and the development of the full cylinder power. 
['wenty per cent of steam pressure holds valve in steam tight con- 
tact with the seat and takes up all natural wear. The valve is free 
to lift from the seat if water enters the cylinder. 

4 The writer has recently examined two engines, one 13 years old 
and the other 17 years old, and the valves and seats are in perfect 
condition—steam tight without having been refitted in that period. 

5 An acceptance test was recently made on a 375 h.p. 16 in. and 
27 in. by 18 in. tandem-compound engine fitted with this valve, which 
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at 227 r.p.m., 129 Ib. initial pressure and 1 lb. back pressure, devel- 
oped an indicated horse power on 21.1 lb. of steam per hour. This 
engine had been in use nine months, but the makers were so confident 
that the valves would be in good condition that the steam chest covers 
were not removed, and the engine was tested without any previous 
adjustment. The writer believes that this is the lowest recorded 
steam consumption for an engine of this size and type, operating under 
these conditions. 

6 In a plant in Buffalo, where there are five engines with this 
type of valve, which have been in service two years, power is being 
developed for less than one cent per kilowatt inour, all charges con- 
sidered. 

7 The steam tight valve has demonstrated its efficiency and the 
wonder is that, in these days, when consulting engineers so often call 


for steam economy guarantees, they do not also insist on guarantees 
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of maintenance of economy—not what the engine does when new, 
but what it will do when old. 


Mr. JonNC. ParkeR [should like to make a few remarks as to the 
significance of the given data for the user of engines and for the con- 
sulting engineer who may have to do with small plants of the type 
considered. 

2 I judge from the paper that the type of plant referred to is that 
commonly found in office buildings and light manufacturing plants. 
It has been my privilege, working in conjunction with Mr. H. W. Peck, 
to investigate a large number of such plants, and from what we have 
seen of the operating conditions ordinarily obtaining, I believe one 
explanation of the failure of small engines to maintain good efficiency 
to lie in the inferior oversight provided. We have found the stokers 
attending between times to the engines, and discharging all sorts of 
other functions about the building. These men are generally under- 
paid and usually render a rather under-intelligent service. 

3 In general there is a very low load factor in an office building, 
most of it carried in the winter time when the days are dark and 
stormy, and in the early and late part of the day—I refer especially to 
lighting plants. The consequence is that if an adequate sum of money 
is expended in plant operation the cost per unit of power delivered is 
disproportionate. This is obviously a determining factor which 
militates against the use of more expensive, although perhaps more 
economical, generating units. Such a condition seems to be inevit- 
able and perhaps justifies what seems to be niggardly maintenance. 

4 Itis a question whether the suggestion made by the writers in 
regard to the use of really high class engines would result in greater 
economy. It seems to me it would rather tend to enhance the difficul- 
ties mentioned, since such engines require adequate operating atten- 
tion. It is largely a matter of indifference during the months when 
heating is carried on whether the engine is of high or low efficiency 
type. In most office buildings and in many industrial plants a 
large amount of steam is required for heating in proportion to the 
amount of power required of the engine, so that questions of efficiency 
are of less importance than questions of investment. Most of the 
heating, however, is done during the four winter months; in the sum- 
mer months a particularly difficult situation arises in that the effi- 
ciency of both engine and boiler in a plant of this type necessarily 
becomes_ bad, because of the greatly reduced load and load factor. 
We have found it eminently desirable in such a plant to improve the 
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efficiency of the boiler plant during such periods of reduced load, 
by bricking over the bars to reduce the grate area. 

5 A more extended discussion by the authors of the paper as to 
the plant efficiency obtaining in these smaller plants, taking the plant 
as an integer, including boilers as well as engines, would have been 
as worth while perhaps as the discussion of engine efficiency alone. 

6 Another point in the paper which I believe worthy of still fur- 
ther study is the depreciation shown by these reports. I think none 
of the engines had been in commission over four years, some less, 
yet many of the engines already show considerable deterioration. 
It would be interesting to know just how long the life of engines of this 
type might be taken to be. 

7 One speaker has referred to the excellent characteristics of the 
steam turbine in the matter of sustained efficiency. While in general 
the steam turbine might be expected to sustain its efficiency fairly well 
in smaller sizes this sustained efficiency may be purchased at the price 
of low efficiency throughout. In one case within our experience a 
manufacturer using exhaust steam to heat his plant during the winter, 
who had difficulty in securing a sufficient supply with his old recipro- 
cating engine, had no difficulty whatever after the installation of a 
steam turbine. While such a statement is not scientifically exact and 
is subject to some question it is indicative of much. Indeed we should 
expect to find the splendid qualities of the larger steam turbine absent 
in the smaller sizes, because of the necessarily lower peripheral velo- 
city and the impossibility of securing the same clearances. 

8 It seems to the speaker that there may be a moral to the story 
of large steam consumption brought out by thispaper. WhileI do not 
wish to offer a panacea for dynamic ills and while my commercial asso- 
ciations may bias my judgment it seems to me that a great deal of the 
class of work done by these small engines can be done advantageously 
by the modern processes of coéperation and consolidation. If all 
the small power users in a community can pool their interests, put in 
a small central power-generating and heating plant and distribute on 
a basis of equitable costs from this, they may derive the benefits ordi- 
narily resulting from the use of large, high efficiency steam turbines 
with skilled attendance. It is a matter of indifference whether this 
pooling be done by a coéperative corporation or by an outside con- 
cern. If an electric generating company whose plant operation is 
properly carried out, which does not demand excessive profits and 
whose securities are not over-inflated, can be found—and the speaker 
believes that this is by far the rule rather than the exception—then 
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the proper procedure would be to derive the power supply from such 
central station. 


Mr. F. A. Hatsey The reference by Mr. Rice to the tendency of 
double- beat poppet valves to leak because of the differential expansion 
of the valves and seats, leading to a slight opening at one or the other 
seat according as the valve or the seat casting expands the more, 
leads me to call attention to a construction of this form of valve used 
by the Nordberg Manufacturing Company, whereby this defect is 
overcome. In the usual construction the seat faces are parallel 
with one another, and it is from this that the defect arises. In Mr. 
Nordberg’s construction the two seat faces are made to radiate from 
a common center, with the result that any slight difference of expan- 
sion leads only to a sliding of the surfaces on one another, and not 
to their separation, as in the usual construction. 

2 The accompanying Fig. 1 and 2 illustrate two valves of this 
construction, one being a steam and the other an exhaust valve. In 
ransmitting the blue prints from which these illustrations are made, 
Mr. Nordberg makes the following observations: 

3 My experience is that the only steam distributing organ in an engine that 
can be depended upon to be permanently tight, if it is so originally, is the double 
beat poppet valve of the type shown by the enclosed blue prints, which are the 
valves used in the high-pressure cylinder of the Champion compressor for steam 
and exhaust. If such valves are not tight originally, they will never get tight by 
working. 

1 We built a poppet valve engine in the year 1892. This engine is 24 in. in 
diameter by 48 in. stroke and the valves of this engine have, since the time it was 
started, never been taken out and are known to be tight today. In this particular 
case we have considerable wet steam, which, as a rule, is detrimental to a poppet 
valve, as also is any dirt or sediment that may come from the boiler 
5 The material of which a poppet valve and its seat are made is a very impor 
tant point if the valve is to be depended upon to keep.tight. Certain materials and 
bronze mixtures for some reason are absolutely unsuitable for valves of this kind, 
and if such material is used my experience is that it is impossible to make the 
valves tight. 

6 Regarding the matter of expansion, my practice has always been to design 
such valves in such a manner that the surfaces of the seats, if extended, radiate 
from one point, i. e., if the seats are conical then the apex of the cone forming the 
upper seat and the apex of the cone forming the lower seat are one common point ; 
or, if one of the seats is flat and the other conical, then the apex of the cone is a 
point on the surface of the flat seat. It is plain that by this mode of construction 
any trouble due to difference of expansion in the valve and seat is eliminated for 
the simple reason that the distance between the apex of the seat cones is equal to 
zero. If this distance is of any length whatsoever then this length will expand 
differently in the seat and in the valve 
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7 My experience is that it is of much greater importance to provide against 
expansion by pressure and if this is attended to, the valve and seat made of proper 
material, and the valve otherwise of good design, it is easy to make it tight and it 
will keep so indefinitely. Oneofthegreatest mistakes in trying to make such valves 
tight is doing too much grinding. The valves should be gotten down to their seats 
when they are turned and by scraping and only the very last fitting should be done 
by grinding. 

8 It is also a mistake to try to balance such valves too perfectly. If that is 
done there will be trouble in keeping them tight. The upper seat must be larger 
than the lower one by a liberal amount in order to keep it down on its bearing. 

9 I believe that a great deal of the talk about poppet valves being hard to keep 
tight refers to the old style valves such as were used on the beam engines on paddle- 
wheel steamers. I have seen a g any designs in which it would appear that 
there was great danger of distortion of the valve seats due to pressure and heat in 
the cylinder, and this matter should be carefully guarded against in any poppet 
valve. 

10 When I was in Europe a year ago Sulzer Brothers showed me a number of 
very large poppet valves made with jour seats. They say it is no more trouble to 
make these valves tight than the ordinary style of poppet valve. 

11 With reference to the valves shown in the illustrations, these valves 
have now been running a good many years and they are absolutely tight. The 
seats are as bright as mirrors, without the slightest indication of cutting or leak- 
ing, and when the valves are tripped and steam of 250 lb. pressure is turned on the 
inlet valves no steam comes out through the open indicator cocks of the cylinder. 


Dr. W. F. M. Goss’ The results presented by this paper are 
likely to be received with some surprise by those who have not followed 
the development of the high speed engine with more than ordinary 
care. But as a matter of fact, it is probably true that the results 
reported are not especially exceptional. It would be wrong however 
to draw from them a sweeping conclusion to the effect that the more 
highly articulated type of engine is no better than the simpler type. 
The paper presents a fragment of the story only; the rest of it should 
be known before broad interpretations are attempted. 

2 The conclusion of the paper, that while the more highly articu- 
lated types of engines are capable of rendering more efficient service 
than those of simpler type, they do not do so after being for a time 
in rough and tumble of service, is not so much an argument against the 
more highly articulated types, it seems to me, as it is an argument 
favoring greater attention to the details of their maintenance. The 
whole question is one which is very common and very old. In most 
classes of machinery, higher efficiency calls for greater refinement in 
design and greater refinement in design demands additional attention, 
and failure to bestow this additional attention often defeats the whole 
purpose of the designer. 
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With compliments of E. E. Schwarzkopf. 

Contains 1140 pp. Comprised in four separate Sections, each beginning with page 1. ‘The 
Sections are as follows: Section 1—The Technological Reference Book, 528 pp. Section 2—Club, 
Contest and Touring Section, 164 pp. Section 3 (pink paper)—Classified Trade Directory 
Arranged Alphabetically, 222 pp.; Section 4 (blue paper)—Classified Trade Directory, Arranged 


Geographically, 226 pp. 


CONSTRUCTION AND WoRKING OF LARGE Gas ENaiNnEs. Read January 1908, 
by P. R. Allen, bejore Manchester Association of Engineers. 8vo, cloth, 290 pp., 
7 plates. 
Gift of Author. 


TREATISE ON PrRopuCcER GAs AND Gas Propucers. By Samuel 8S. Wyer., M.E 
Hill Publishing Company, New York, 1907. Svo, cloth, 308 pp., LOY illus. ,$4. 
Gift of Author. 


Contents, by chapter headings: Fundamental Physical Laws and Definitions; Fundamental 
Chemical Laws and Definitions; Thermal and Physical Calculations; Commercial Gases; Status 
of Producer Gas; Classification of Gas Producers; Manufacture and Use of Producer Gas; Use 
of Steam in Gas Producers; Carbon Dioxide in Producer Gas; Efficiency of Gas Producers; 
Head Balance of the Gas Producer; Fuel; Requirements; History of Gas Producers; American 
Pressure Producers; American Suction Gas Producers; Gas Cleaning; By-product Gas Producers; 
By-product Coke Oven Gas Producers; Producer Gas for Firing Ceramic Kilns; Producer Gas 
for Firing Steam Boilers; Wood Gas Producers; Removal of Tar from Gas; Gas Producer Power 
Plants; Operation of Gas Producers; Testing Gas Producers; Future of the Gas Producer; Gas 
Poisoning; Reference Data; Bibliography. 


Design OF Typical STEEL Raitway Bringes. By W. Chase Thomson, M.Can. 
Soc.C.E. Engineering News Publishing Company, New York, 1908. S8vo, 
cloth, 178 pp., 5 plates, $2. 

Sent by Publisher. 

Contents, by chapter headings: Introductory; Design of a 60 ft. Desk Plate Girder; Design of a 
100 ft. Desk Warren Girder; Design of a 150 ft. Through Pratt Truss; Design of a 200 ft. Through 
Pratt Truss with a Curved Top Chord; Design of a 170 ft. Swing Bridge; Design of a Railway 
Viaduct; Additional Types of Steel Railway Bridges; The Latticing of Compression Members. 


Turory, DesiGN AND CONSTRUCTION OF INDUCTION CoILs. By H. Armagnat, 
Translated and Edited by Otis Allen Kenyon McGraw Publishing Company, 
New York, 1908. 8vo, cloth, 216 pp., $2. 

Presented by the Publisher. 


Contents, by chapter headings: Introduction; History; Theory of Mechanical Interrupters, 
Experimental Demonstrations, The Rupture of Break Spark; Theory of Electrolytic Interrupters; 
The Secondary Current, Striking or Disruptive Voltages; Power and Zfficiency, Measurement of 
Constants, Coil Testing, Accidents and Faults of Coils; Construction of Induction Coils, The 
Primary, The Secondary, Dielectrics, Condensers, Dimensions and Proportions, Types of Induc- 
tion Coils; Interrupters, Solid Contact Interrupters, Mercury Interrupters, Diverse Inter 
rupters, Electrolytic Interrupters, Interrupters for Alternating Currents; Special Apparatus, 
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Tesla Transformer, Resonators, Diverse Systems; Uses of Induction Coils, Installation and 
Regulation of Induction Coils, Charging Large Capacities, Radiography and Radioscopy, Gas 
Engine Ignition, Miscellaneous Applications; Bibliography; Index. 


REINFORCED CoNnckeTE. A MANUAL OF Practice. By Ernest McCullough, 
M.W.S.E., C. E. Cement Era Publishing Company, Chicago, 1908. 12mce, 
cloth, 128 pp., $1. 

Gift of Publisher. 


Contents, by chapter headings: Strength of Beams; Loads on Beams; Columns; Walls, Tanks 
and Footings; Design and Cost; Forms; The Conduct of Work; Tools. 


DicTIONARY OF Evectrric Ratpway Mareriat. McGraw Publishing Company, 
New York, Edition of 1907. 8vo, paper. 
Gift of Publisher. 


Cost CAPITALIZATION AND EstTiMaTED VALUE oF AMERICAN RatLways. By 
Slason Thomson. Bureau of Railway News, Chicago, 3d Edition, 1908. Svo, 
cloth, 177 pp. 

Gift. 


Hypro-E.ecrric DrveLopmMents. By Preston Player. McGraw Publishing 
Company, New York, 1908. 12mo, cloth, 68 pp., $1. 
Gift of Publisher. 


Contents, by chapter headings: Preliminary Determinations; Methods of Procedure; Engineer 
ing Examination; The Extent of the Market for Energy; Cost of Energy Manufacture; Central 
Station Economics; Sale of Electric Energy; Primary and Secondary Powers; Capital Costs 


THe Prange Tasie. By W.H. Lovell. McGraw Publishing Company, New York, 
1908. 12mo, cloth, 49 pp., $1. 
Gift of Publisher. 


Contents, by chapter headings: Introduction; Forms of Plane Tables; Adjustment of the Ali 
dade; Plane Table Triangulation; The Three-Point Problem; Centering the Plane Table over the 
Station; Vertical Angulation; Signals; Land Surveys; Plane Table Traverse; Projections; 
Conclusion; Index. 


BUILDING OF THE ENGINEERING Societies. Collection of Pamphlets on the 
Engineering Socjeties Building. 4to, mor. 


ENGINEERING Society WESTERN PENNSYLVANIA. Proceedings. Pittsburg, Pa 
1908. S8vo, cloth, vol. 23, February 1907, January 1908 


CurRVES FOR CALCULATING BEAMS, CHANNELS AND REACTIONS. By Sidney 
Diamant. McGraw Publishing Company, New York, 1908. Ob. Svo, cloth, 
12 pp., 25 plates, $2. 
Gift of Publisher. 


B. G. TeEuBNER’s VERLAG AUF DEM GERIETE DER MATHEMATIK. Naturwissen 
schaften Technik nebst Grenzwissenschafter., Berlin, 1908. Svo, paper, 3924 
92 pp. 
Gift of Publisher. 


SewaGcE AND Water Boarp or New ORLEANS, 16th Annual Report, December 
31,1907. 8vo, paper, 63 pp., 2 plates, ang following map. 
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AMERICAN Socrery oF Civit ENGINEERS. T'ransactions Vol. 60, June 1908 
SVO, mor., 607 pp 


INSTITUTION OF MECHANICAL ENGINEERS Proceedings October-December 
1907 SVO, paper 


Tests oF A Liquip Arr PLANT. By C. 8S. Hudson and C. M. Garland Bulletin 
Zi, Unive rsity of Illinois Engineering Expe riment Station, March 1908 
Vol. 5, no. 16, Svo, paper, 20 pp 


Tests OF CONCRETE AND REINFORCED CONCRETE CoLuMNs. By Arthur N. Tal 
bot Bulletin 20, Unive rsity of Illinois, Enginee ring E rperiment NStatior 
V arch 1908 Vol. 5, no. 16, Svo, paper, 59 pp 


{AILROAD COMMISSIONERS ANNUAL CONVENTION Report to Interstate Commerce 
Convention, May 1897-1900 Washington Svo, cloth, 114 pp 


NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. Proceedings ISYS, LS9Y9, 
1900 and 1902 t vols Washington Svo, cloth. 


PROCURED BY EXCHANGE 


AMERICAN RAILWAY ENGINEERING AND MAINTENANCE-OF-WAY ASSOCIATION 
Vols. 4, 5,6, 7 and 8 Completing the set of these Proceedings in Phe Ameri 


can Society of Mechanical Engineers Library 


PROCURED BY PURCHASE 


CONCRETE STRUCTURAL ENGINEERING. By E. Godfrey. D. Van Nostrand 
Company, New York, 1908. 16mo, leather, 448 pp., $2.50 net 


Contents, by chapter headings: A Survey of the field of Concrete Design; Cement; Lime 


Aggregates; Mortar; Concrete; Reinforced Concrete; Handling and Placing Concrete; Setting 
and Hardening of Concrete; Finishing Concrete Surfaces; Forms for Concrete Work; Properties 
of Concrete; Notes on General Design and Construction; Estimating Cost; Specifications; Design 
of Reinforced Concrete Columns and Footings; Design of Reinforced Concrete Retaining Walls 
Reinforced Concretein the Making; Design of Reinforced Concrete Arches; Design of Foundation 


Design of Reinforced Concrete Columns 


THe Screntiric AMERICAN. Vol. 11-14, 1855-1858. Completing the set of the 
publication in The American Society of Mechanical Engineers Library with 


the exception of vol. 1 (1845 


ELEMENTS OF RAILROAD ENGINEERING. By Wm. G. Raymond, C.E., LL.D. 
John Wile y and Sons, New York, 19OS Svo, cloth, 405 pp., $3.50 


Contents, by chapter headings: Introduction; Permanent Way; Alignment; Rails; 
tenings; Cross Ties; Ballast and Road Bed; Culverts, Bridges and Minor Structures 


tail Fas 
Purnouts 
Side Tracks and Yards; Elevation of the Outer Rail; Signaling; The Locomotive and its Wor 

Locomotive and Grade Problems; Railroad Expenditures; Effect on Operating Expense 
Change in the Number of Trains, the Tonnage Remaining Constant; Discussion of the Effect of 


Distance, Rise and Fall, and Curvature on Train Mile Costs; Problems in Change of Ruling 
Grade, Distance, Rise and Fall, and Curvature; Railroad Location, Construction and Betterment 
Surveys. 








EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


016 Technical men and engineers to offer standard waterproofing compound 
for cement brick or stone walls. Liberal commission and exclusive territory to 
men who produce results 


017 A casualty insurance company invites applications for vacancy in inspec 
tion department, men having extensive experience in erection and operation of 
boilers, elevators and machinery in general. Full details of experience and refer- 
ences should be submitted with all applications. 


018 An experienced designer of automatic machinery having practical know!l- 
edge of economic production. Location Western New York 


019 Instructor in mechanical engineering, classes in steam engines, thermo- 
dynamics, mechanical engineering of power plants, to handle several sections in 
experimental engineering laboratory, covering work in testing of steam and gas 
engines, fuels, ete. Salary $1200. 


020 Position available for draftsman and salesman One acquainted with 


pneumatic and hydraulic machinery. Location Chicago 


MEN AVAILABLE 


105 Junior, mechanical engineer, technical graduate, desires connection 
with firm building commercial motor cars or stationary gas engines. Experienced 
in motor car designing and construction. 


106 Member, technical graduate, with twenty years experience in design, con- 
struction and maintenance of manufacturing plants, mill construction, reinforced 


concrete, etc 


107 Graduate, mechanical engineering, Purdue University I'wo years prac 
tical shop and construction work, drafting experience, mostly power plant, heating 
ind ventilating, conveyor, electric railway, and general industrial and-buildings 
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work, commercial testing. Past three years, engaged in industrial engineering. 
Would like to become identified with some good industrial concern and would 
expect $2500 to $3000 a year to start. 


108 Electrical and mechanical engineer, conversant in power station and 
electric property construction and development, production and distribution of 
electric energy. Technical graduate. Affiliated with technical societies. Desires 
to make new connections. 


109 Draftsman and assistant master mechanic of six years experience build- 
ing construction and machine design, desires a change of work such as superin 
tendent of construction or master mechanic. 


110 Graduate electrical engineering, Massachusetts Institute of Technology; 
experience leading consulting and contracting engineering companies; large street 
railway company. Office and field designs, calculations, construction, tests and 
operation of steam electrical and hydraulic plants, apparatus and railway equip- 
ment. 


111 Engineer to manage, develop, or improve a mechanical business, machine 


or pre cess. 


112 Practical and theoretical mechanical engineer of wide experience, boilers, 
power plants, gas engines, conveying machinery, and selling with special infor- 
mation on problems concerning the transfer of heat, desires responsible position; 
has had experience and will consider professorship. 


113. Mechanical engineer, assistant superintendent or assistant manager, with 
large firm manufacturing gas, gasoline engines or motor trucks. Four years 
experience, rising to superintendent. Technical education, executive ability, 
systematic, energetic. Would consider also office manager with consulting 
mechanical engineer. 


114 Member, 31 years of age, graduate of leading engineering college, past 
eight years designing, in charge of construction or both, mill buildings, power 
plants, special machinery, ete. Would consider position teaching any of these 
subjects. 


115 Member, experience in machine construction, combustion motor opera- 
tion, and in charge of installing and initial operation of several electric railway 
and lighting plants. Open for temporary or permanent engagement 


116 Member, located in Chicago, open for engagement. Wide experience in 
construction, operation and maintenance of industrial plants. Has been respon- 
sible head for design and installation of large power and refrigerating plants, and 
for working out plans for the economical and rapid handling of all kinds of mate 
rial. Technical training, familiar with cost of material and production. 
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117 Position wanted as manager or superintendent, 15 years experience as 
superintendent on high-grade work. Expert on interchangeable work, also on 
most approved machine shop, foundry and boiler shop methods. Good organizer, 
can handle men and machinery to the best advantage. 


118 kfember, desiring change, designer, constructor, supervisor, can investi- 
gate any problem, and if of frequent nature, can reduce same to routine practice; 
experience power plants, mill work, brass, cement, blast furnace, concrete, struc- 
tural, surveying. Thorough and systematic. 


119 Junior, graduate mechanical engineer, Stevens Institute of Technology, 
eight years experience in machine and power plant design, desires to make a 
change. Prefers location in New York City district. 


120 Mechanical engineer, graduate Stevens Institute of Technology, three 
years experience in the United States and six years in Europe, design, construc- 
tion and operation electric railway and power plants; knows three languages, 
desires position with engineering firm. 


121 Draftsman, representative salesman, or assistant superintendent, in 
general engineering lines. Location immaterial 


122 Junior member, age 28, desires position as superintendent or engineer of 
erection. Five years practical experience in design and construction of con- 
densers, pumps, heaters, etc., erection of Corliss engines Two years designing 
and estimating pipe work for large power plants; shop, drafting room and 
business experience, executive ability. 


123 Mechanical engineer, superintendent of manufacture or works or chief 
draftsman, American, practical and technical experience, good executive ability, 
thoroughly up-to-date automatic machine and machine tool designer for inter- 
changeable manufacture. A-1 references. Desires to hear from companies, 
corporations, or persons in or about New York or Jersey City, who require the 
services of a first-class man. 


124 Junior, graduate from Columbia, 34 years designing, detailing and 
estimating reinforced concrete and fireproofing, one year with general con- 
tractor. 


125 Member having 25 years experience, wants position of shop manager or 
general superintendent, competent to take entire charge of factory; expert in 
small interchangeable manufacture. 


126 Member desires position on road as salesman for good firm 


127 Technical graduate, age 37, experience as consulting engineer and pur 
chasing department, selling department and manager of a plant building engines 
compressors and heavy machinery. Thorough business training, good organizer 


familiar with details of foundry and machine shop management 
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128 Assuredly and permanently located in Chicago with prominent firm of 
power plant specialists. Technically educated as mechanical engineer, broad 
experience. At present looking after sales. Will be interested in a proposition 
where the personal equation coupled with ability is a factor. 


129 Technical graduate, age 33, nine years experience as draftsman, designer 
and chief draftsman; 24 years chief draftsman with one of the leading concerns in 
the manufacture of air compressors, steam engines, rock drills, core drills and 


pumping machinery. 


130 Member having 28 years experience, steam machinery, operating engineer 
of well known ability and reputation, patentee of various apparatus which has 
been commercially exploited, seven years with large industrial concern as steam 
and mechanical expert, recently conducting consulting office, will consider early 


engagement where high class work and economy are essential. 


131 Junior, married, graduate mechanical engineer, experience in machine 


shop and stationary engineer (light and water plant). Four years building, 
testing, erecting and operating horizontal steam turbines. Also general power 


house construction work. Desires position where his experience and training will 


be of value. 


132 Associate, age 31, desires to make a change. Twelve years varied draw 
ing room experience, including checking and charge of men. Prefer work on heavy 
machinery and furnaces, rolling, steel and tube mills. Location preferably within 


100 miles of New York or Philadelphia. 


133 Young man, graduate mechanical engineering, thorough experience 


machinist and draftsman, having held executive positions in large manufacturing 
plants, desires position as superintendent or manager of a metal manufacturing 
plant or as an understudy to superintendent or manager who wishes to be relieved 


of some of the details. 








CHANGES OF ADDRESS 


ADAMS, Thomas D. (Junior, 1906), Southport, Conn. 

ALDCORN, Thomas (Associate, 1903), Genl. Sales Agt., Chicago Pneumatic 
Tool Co., 50 Church St., New York, N. Y., and 35 King Ave., Highwood Park, 
Sta. 1, Hoboken, N. J. 

\LEXAN DER, Chas. A. (1899; 1905), Engr. and Contr., 60 Park Ave., Rochester, 
i 2 

ARNOLD, Edwin Ebert (1900; 1906), Farrar & Trefts, 60 Perry St., Buffalo, N. Y 

BAILEY, T. 5. (1896; 1905), Ch. Engr., Electric Boat Co., Quiney, and 17 Park 
St., Woolaston, Mass. 

BARNABY, Charles W. (1884), Cons. Engr., 309 Broadway, and 19 W. 107th St., 
New York, N. Y. 

BATCHELOR, Charles (1880), Hotel Le Marquis, 12 East 31st St., New York, 
i A 

BEMENT, A. (1901), Cons. Mining and Mech. Engr., 2114 Fisher Bldg., Chicago. III 

BERRY, Edgar H. (1905; 1907), Pres., Latonia Co., Bond and Butler Sts., Brook- 
lyn, N. Y., and 106 8. Fullerton Ave., Montclair, N. J. 

BLAKE, Clinton F. (1901), 7606 Union Ave., Chicago, Ill. 

BLOOMBERG, Jonas H. (1903), Cons. Engr., Avenida Del Cinco De Mayo No. 
32, and for mail, Hotel del Jardin, Mexico City, D. F., Mexico. 

BRANDON, Geo. Russel (1897; 1901), V. P. and Genl. Mgr., Whiting Fdy. Equip 
ment Co., Harvey, and for mail, Flossmoor, Ill. 

BRIGGS, William C. (1907), 211 Westfield Ave., Elizabeth, N. J. 

BRISTOL, Wm. H. (1890), The Bristol Co., Waterbury, Conn. 

BROWN, Edwin Hacker (Junior, 1903), Cadwell & Brown Co., 1049-51 Security 
Bank Bldg., and ‘“‘ The Virginia,” 1780 Lyndale Ave., 8., Minneapolis, Minn 

BUCHANAN, A. W. (1899; 1904), American Conduit Co., Los Angeles, Cal 

BUCKLEY, John Francis (1906), Supt. Witte Lron Works Co., Kansas ¢ ‘ity, Mo., 
and jor mail, 3228 East 11th Street, Kansas City, Mo. 

BURTON, J. Harry (Junior, 1906), 318 Sherman St., Williamsport, Pa 

BUSH, Harold Montfort (1894; 1905), Industrial Engr., 215 Hayden Bldg., and 
jor mail, 55 N. 7th St., Columbus, O. 

CALDWELL, George B. (1902), Engr., Westinghouse Church Kerr & Co., 10 
Bridge St., New York, and for mail, 54 Van Sice Ave., Yonkers. N. Y. 

CATHCART, William L. (1899), Gwynedd Valley, Pa. 

CHURCHILL, William W. (1892), Monroe, Wis. 

CLARKE, Philip L. (Junior, 1907), Genl. Elec. Co., and for mail, 228 Union St., 
Schenectady, N. Y. 

COLE, DWIGHT 8. (1903), Hotel Herkimer, Grand Rapids, Mich 

COLLINS, B. R. T. (1891; 1901), El Paso Electric Ry. Co., El Paso, Texas 

CONANT, Wm. 38. (1895; 1904), Cons. Engr., Bank Chambers, 80 Griswold St., 
and jor mail, 186 Seminole Ave., Detroit, Mich 
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CONRAD, Hugh Vincent (1887; 1891), Ch. Iengr., Rand Drill Co., 11 Broadway, 
and jor mail, 29 W. 39th St., New York, N. Y. 

COX, Claude E. (Associate, 1907), Automobile Engrg., Standard Ave. & Division 
St., and 2858 N. Western Ave., Indianapolis, Ind. 

CRAIG, Robert (Associate, 1907), 402 8. 3d St., Minneapolis, Minn. 

CRAWFORD, Charles C. Jr. (Junior, 1906), A. M. Lockett & Co., Ltd., 533 Bar- 
onne St., New Orleans, La. 

DASHIELL, Benj. J. (Junior, 1890), Cons. Engr., 925 Equitable Bldg., Baltimore, 
and Athol Terrace, Athol, Baltimore Co., Md. 

DE GAIGNE, Oscar Victor (Associate, 1907), 360 E. 62d St., and for mail, 
452 La Salle Ave., Chicago, Ill. 

DILLARD, James B. (Junior, 1907), Capt. Ordnance Dept., War Dept., Wash- 
ington, D. C. 

DODDS, Wm. B. (Junior, 1907), 3253 Franklin St., Denver, Colo. 

DODDS, Wm. E. (1891), Genl. Mgr., Standard Cast Iron Pipe & Fdy. Co., Bristol 
Pa. 

DREYFUS, Edwin D. (Junior, 1905), 249 Paris Ave., Grand Rapids, Mich. 

EILERS, Karl Emrich (1890; 1904), Am. Smelting & Refining Co., 165 Broadway, 
New York, and for mail, Sea Cliff, L. 1., N. Y. 

ENGEL, Godfrey (1892), Engr. of Constr., Fort Collins, Colo. 

ENGINEERS CLUB OF PHILADELPHIA, 1317 Spruce St., Philadelphia, Pa. 

EVANS, Henry O. (1896), Mech. Engr., Detroit Brass Wks., 459 Cass Ave., 
Detroit, Mich. 

FERRY, Charles H. (Associate, 1902), Life Member, Room 1556, 50 Church St 
New York, N. Y. 

FIEUX, Ernest D. (Junior, 1907), Mech. Engr., The Engrg. Supervision Co., and 
jor mail, 225 Riverside Drive, New York, N. Y. 

FLAGG, 8. B. (Junior, 1907), Asst. Engr. Tech. Branch, United States Geolog- 
ical Survey, and for mail, 40th & Butter Sts., Pittsburg, Pa. 

FRECHTLING, Arthur Geo. (Junior, 1906), Fairbanks Morse & Co., Cincinnati, 
and for mail, 319 N. 2d St., Hamilton, O. 

FULLER, Floid M. (Junior, 1907), 920 Electric St., Scranton, Pa. 

GAEHR, David (Associate, 1902), Contr. Engr., Schofield Bldg., and 2626 E. 
75th St., Cleveland, O. 

GAY, Harry (Associate, 1907), Asst. Engr., N. Y. C. & H. R. R. R. Co 
Traction Dept., 1231 Grand Central Sta., New York, N. Y. 

GIBSON, Geo. H. (1900; Associate, 1907), Advertising Engr., 1119 Tribune Bldg., 
and 628 W. 148th St., New York, N. Y. 

GILLAN, Howard A. (Junior, 1907), Accumulatoren Fabrik A. G., Luisenstr. 35, 
Berlin, N. W. 6, Germany. 

GRIMM, Paul H. (1890), Cons. Engr., 47 Beach St., New York, and Glen Cove 
oy Me 

GUCKEL, Charles Henry (Junior, 1901), Panama R. R. Co. Cristobal, Canal 
Zone, Central America. 

GUMP, Walter B. (Junior, 1902), Cons. Mech. and Elec. Engr., 606-7 San Fer- 
nando Bldg., and 2510 Juliet Ave., Los Angeles, Cal. 

(GUNTHER, Charles O. (1900; Associate, 1905), Prof. of Mathematics and 
Mechanics, Stevens Inst. of Tech., Hoboken, N. J., and member of firm, 
General Engrg. Co., 90 West St., New York, N. Y. 


’ 


, Elec. 
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HAMILTON, James V. (1893), 54 Beard St., Brooklyn, N. Y. 

HAMNER, Chas. Sutherland (1901), 50 Church St., New York, N. Y. 

HARMAR, Josiah (1900; 1904), J. A. Roebling’s Sons Co., and jor mail, 234 West 
State St., Trenton, N. J. 

HART, Rogers Bonnell (Associate, 1907), 130 8. Negley Ave., Pittsburg, Pa. 

HAYWARD, Sterling F. (1903), Treas. and Genl. Mgr., Connelly Iron Sponge. 
and Governor Co., 50 Church St., New York, and 64 Locust Hill, Yonkers, 
a # 

HEALD, George W. (Junior, 1899), Mech. Engr., 1085 Old Colony Bldg., Chicago, 
and for mail, 105 Sherman Court, Joilet, IIL. 

HERBERT, Frederick Davis (1899; 1907), N. Y. Mgr., The Terry Steam Turbine 
Co., 90 West St., New York, and jor mail, 401 Upper Mountain Ave., Upper 
Montclair, N. J. 

HERRICK, James A. (1880), 256 W. 84th St., New York, N. Y. 

HOUSEKEEPER, William G. (Junior, 1906), Westinghouse Lamp Co., Bloom- 
field, N. J. 

HUMPHREY, Orman B. (1907), Cons. Engr., 964 Exchange St., and for mail, 
63 Grove St., Bangor, Me. 

HUTCHISON, Arthur H. (1899), 1148 S. 29th St., Omaha, Neb. 

HUTSON, Henry L. (Associate, 1906), A. M. Lockett & Co., 533 Baronne St., 
and 1639 Robert St., New Orleans, La. 

JETT, Carter C. (Junior, 1902), 608 E. 105th St., Cleveland, O. 

JONES, W. Clyde (Junior, 1892), Lawyer, Room 1610, 134 Monroe St., Chicago, 
Ill., and 2 Rector St., New York, N. Y. 

JUST, George A. (1904), Cons. Engr., and Pres., George A. Just Co., 239 Vernon 
Ave., Borough of Queens, and Empire Hotel, New York, also Scarsdale, N. Y. 

KENT, Wm. (1880), Manager, 1885; 1888; V. P., 1888-1890; Dean of L. C. Smith 
College of Applied Science, Syracuse University, and for mail, 601 Comstock 
Ave., Syracuse, N. Y. 

KNOOP, Theo. M. (Junior, 1904), Mine & Smelter Supply Company, 17th and 
Blake Streets, Denver, Colo. 

KWANG, Kwong Yung (1899), Life Member, Dir. and Engr., Lin-Cheng Mines, 
Lin-Tcheng Sien, Lu-Han Ry., Via Peking, North China. 

LANDON, A. A. (1902), American Radiator Co., Buffalo, N. Y. 

LANE, Frederick (1906), Supt., Jenkins Bros., Ltd., St. Remi St., Montreal, 
Quebec, Canada. 

LANGLOTZ, Charles (1894), 888 Lincoln Pl, Brooklyn, N. Y. 

LARKIN A.C. (1895; 1905), Asst. Mgr. for Canada, Babcock & Wilcox Ltd., 
New York Life Building, Montreal, Canada. 

LARSON, Charles J. (1907), Detroit City, Minn. 

LATTA, M. Nisbet (Junior, 1902), Experimental Sta., Olympia, Washington. 

LATTIN, Judson (1891), Supt., International Harvester Co., Akron, O. 

LEWIS, David J., Jr. (1892), Mgr., “‘Bundy” Dept., American Radiator Co., 
104 W. 42d St., New York, N. Y., and for mail, 88 Riggs Pl., 8S. Orange, 
N. J. 

LIBBY, Malcolm M. (1902; Associate, 1905), Room 302 Atlas Bldg., 604 Mission 
St., San Francisco, Cal. 

LIEB, John W., Jr. (1886), Manager, 1903-1906; V. P., 1906-1908; 3d V. P. and 
Assoc. Genl. Mgr., The New York Edison Co., 55-57 Duane St., and 869 
West End Ave., New York, N. Y. 
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LINTON, Robert (1906), 616 Bixel St., Los Angeles, Cal. 

LOCKWOOD, Burns D. (1907), 2354 Ashland Ave., Indianapolis, Ind. 

LORD, John E. (1904), Hooven, Owens, Rentschler Co., 1127 Marquette Bldg., 
Chicago, Ill. 

LOWE, Wm. Vose (18891; 892), Engr. and Salesman, Hess-Bright Mfg. Co., 
Philadelphia, Pa., and for mail, 27 Mechanic St., Fitchburg, Mass 

LUDEMAN, Edwin Henry (Associate, 1904), Steam Engs., 42 Broadway, New 
York, and for mad, 810 E. 19th St., Brooklyn, N. Y. 

McBAIN, William Coryell (Junior, 1904), Engr., Shawnee Constr. Co., Merriam, 
Kan 

McCLATCHEY, A. E. (1889), 245 Benton St., Aurora, Ill 

McKEE, Joseph J. (Associate, 1892), Cons. Engr., Jones & McKee, Room 522, 
Singer Bldg., New York, N. Y. 

MACBETH, Colin (Associate, 1907), Dunallan, St. Annes-on-the-Sea, England 

MAJOR, C. C. (Junior, 1902), Forty Fort, Pa. 

MARKS, Larry J. (1907), 86 Palmer Ave., Mamaroneck, N. 

MAROT, Edward H. (Junior, 1903), General Delivery, Newark, N. J. 

MASURY, Alfred Fellows (Junior, 1904), Mech. Engr., Hewitt Motor-Truck Co., 
and for mail, 48 Elm St., Danvers, Mass 

MATTHEWS, Edwin Scott (1891), Room 901, 90 West Street, New York City. 

MAYER, Fred J. (1897), Genl. Mgr., Didier-March Co., 50 Church St., New York, 
N. Y. 

MERRILL, Albert 8S. (Junior, 1903), Universal Portland Cement Co., 1440 Com 
mercial Natl. Bank Bldg., Chicago, II. 

MORGAN, John R. (1901), Genl. Mgr., Calumet Engrg. Wks., Harvey, Ill 

MURPHY, John Killam (Junior, 1904), Winchester Repeating Arms Co., and 
jor mail, P. O. Box 1234, New Haven. 

NEWBURY, George Kk. (Junior, 1904), 1222 Gaylord St., Denver, Colo 

NEWELL, William (Junior, 1907), Ch. Insp. of Factory, Fidelity and Casualty 

Co., 97 Cedar St., New York, N. Y. 

NICHOLS, John T. (Junior, 1903), 315 King St., Pottstown, Pa 

NICKERSON, Alvano T. (1901), W. 8S. Barstow & Co., 50 Pine St., and 622 W. 
135th St., New York, N. Y. 

NICKLIN, Ernest W. (1900; Associate, 1907), Smith Engrg. Co., 414 Moffat Bldg., 
and 310 Cadillae Blvd., Detroit, Mich. 

NORTHRUP, Lewis M. (Junior, 1905), Asst. to M. M. Ill. Steel Co., and jor mail, 
7601 Sagamore Ave., Chicago, Ill. 

OLIVER, E. C. (Junior, 1902), 62 Winder St., Detroit, Mich. 

ORD, Henry C. (1905), Dornfeld-Kunert Co., Watertown, Wis 

OSTRANDER, Allen Edward (Associate, 1905), Asst. Mech. Engr., American Car 
«& Fdy. Co., 165 Broadway, New York, N. Y. 

PALMER, Virgil Maro (Junior, 1905), Smith Automobile Co., Topeka, Kan 

PEDERSEN, Henrik Greger (Junior, 1904), Eng. Designer, Fred. M. Prescott 
Steam Pump Co., and for mail, 1219 Cedar St., Milwaukee, Wis. 

PERCY, Earl N. (Junior, 1907), Union Gas Eng. Co., 503 Mission St., and jor mail, 
3570 Clay St., San Francisco, Cal. 

PERRY, Wm. A. (1880), 1 Nassau St., New York, and 
St., Brooklyn, N. Y 

POWELL, E. Burnley (Junior, 1904), care of Miss A. H. Short, King Ave., City 
Island, N  # 


jorn aul, 2d Ave. and 7Ist 
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PRESSINGER, W. P. (Associate, 1903), Genl. Mgr., Air Compressor Dept., 
Chicago Pneumatic Tool Co., 50 Church St., New York, N. Y. 

RICHARDSON, Clifford (Associate, 1894), New York Testing Laboratory, Room 
1826, Cortlandt Bldg., 30 Church St., New York, N. Y. 

ROBESON, Anthony Maurice (1895), Cons. Mech. Engr., H. Eckstein & Co., 
P. O. Box 149, Johannesburg, Transvaal Colony, 8. Africa. 

ROBINSON, Louis G. (Junior, 1905), Cor. 4th and Park Ave., Newport, Ky 

ROGERS, Charles Edward (Associate, 1898), Fraser & Chalmers, Ltd., Equitabl 
Bldg., Melbourne, Australia. 

RUSSELL. W. B. (Junior, 1906), Director Franklin Union, Boston, and jor mail, 
No. 58 Arborway, Jamaica Plain, Boston, Mass. 

SALMON, Frederick W. (1900; 1904), Civil and Mech. Engr., Murray Llron Wks., 
and for mail, 903 University Pl., Burlington, Iowa. 

SHIEBLER, Marvin (Junior, 1905), Massachusetts Chambers, Boston, Mass 

SCALES, Henry Jackson (Junior, 1907), 48 Forrest Ave., Atlanta, Ga 

SCHEELE, John M. B. (Junior, 1900), 1479 Fulton Bldg., 50 Church St., New 
York, N. Y. 

SCHEER, Frederick, Jr. (Associate, 1907), Walter A. Wood M. & R. M. Co., 
Hoosick Falls, N. Y. 

SEARING, Hudson R. (1893), Schooley’s Mountains, N. J. 

SHALLENBERGER, Louis R. (1895; 1902), 239 Maple Ave., Oak Park, Ill 

SHANTZ, Oliver 8S. (1900), Engr. and Salesman, 46 Philadelphia Ave., Detroit, 
Mich. 

SIRICH, J. Henry, Jr. (Associate, 1907), Power Department, Bethlehem Steel 
Co., and for mail, P. O. Box No. 83, Bethlehem, Pa. 

SMITH, Ernest L. (Junior, 1901), Western Rep., Standard Roller Bearing Co., 
of Philadelphia, 327 Jefferson Ave., Detroit, Mich. 

SMITH, Julian C. (1907), Pres. and Mgr., Vacuum Specialty Co 
New York, N. Y. 

SMITH, L. P. C. (Junior, 1906), Draftsman, Gas Eng. Dept., Allis-Chalmers Co., 
and for mail, 455 69th Ave., West Allis, Wis. 
SMITH, Orin Gould (Junior, 1899), The Platt Iron Wks. Co., Dayton, O 
SMITH, Otto Theodore R. (1906), Ch. Draftsman, Engrg. Dept., Otis Elevator 
Co., 17 Battery Pl., and for mail, 824 St. Nicholas Ave., New York, N. Y 
SMITH, Roy Brooke (Junior, 1905), Foreman Motive Power and Equipment, C. L. 
& N. Ry., and jor mail, 117 Huntington Pl., Mt. Auburn, Cinn., O. 

SNYDER, Robert M. (Junior, 1890), Genl. Mgr., Russell, Burdsall & Ward Bolt 
and Nut Co., Port Chester, N. Y. 

SOPER, Ellis Clark (Junior, 1905), Supt., Dixie Portland Cement Co., and V. P., 
Hunt Engrg. Co., Richard City, Tenn. 

SOUTHWORTH, Martin O. (1907), Fairbanks, Morse & Co., Cor. Franklin and 
Monroe Sts., Chicago, III. 

SPENCER, William J. (Junior, 1906), Wyndmoor, Chestnut Hill, Philadelphia, Pa 

STANTON, Frank MeMillan (1892), Life Member, Atlantic Mining Co., Atlantic 
Mine, Mich. 

STARKWEATHER, William G. (1897), New England Rep., Robt. Wetherill & 
Co., Inc., 149 Pearl St., Boston, Mass. 

STOUGHTON, Edwin R. (Associate, 1907), Cobb, Eastman Co., 372 Boylston 
St., Boston, Mass. 


, 77 John St > 
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STREET, Clement F. (1893), Westinghouse Air Brake Co., Wilmerding, Pa 

SWINSCOE, Chas. (1887), Cons. Engr., Clinton Wire Cloth Co., and for mail, 
P. O. Box 32, Clinton, Mass. 

TAGGE, Arthur C. (1901), Engr., International Portland Cement Co., Ottawa, 
Ont., Canada. 

THOMAS, Charles W. (1888), Mech. Dept., Columbia University, New York, N.Y. 

THOMAS, Edward G. (1890; 1907), 239 W. 103d St., New York, N. Y. 

THORP, Frederick P. (Junior, 1902), Mgr., Power and Mining Mchy. Co., 115 
Broadway, New York, and 233 Brooklyn Ave., Brooklyn, N. Y. 

TOLTZ, Max E. R. (1904), 2014 Fisher Bldg., Chicago, Iil. 

TOWLE, Wm. Mason (1887), Life Member, Supt. of Shops, Clarkson Memorial 
School of Tech., Potsdam, N. Y., and for mail, Enosburg Falls, Vt. 

TRACY, Theron H. (1902), Tracy Engrg. Co., Rooms 731-733, Central Bldg., 
Los Angeles, Cal. 

TUCKER, Frank Stevenson (1905), Tucker & Laxton, Auditorium Bldg., Char- 
lotte, N. C. 

TUSKA, Gustave R. (1900), Cons. Engr., 68 William St., and 63 E. 52d St., 
New York, N. Y. 

UNGER, John 8. (1886), Cons. Engr., 383 Evanston Ave., Chicago, IIl. 

VAN BUSKIRK, Henry C. (1906), Supt. M. P., Colorado & Southern Ry., and 
jor mail, 1723 Vine St., Denver, Colo. 

WADDELL, George F. (Associate 1898), Supt., Steptoe Valley Smelting and 
Mining Co., McGill, Nev. 

WALSH, Thomas J. (Junior, 1906), Woonsocket Electric Mch. and Power Co., 
Woonsocket, R. I. 

WARG, Robert (1903), Natl. Blower Wks., 17th St. and St. Paul Ave., and 291 
Oakland Ave., Milwaukee, Wis. 

WATERMAN, Charles (1903), New Castle, Ind. 

WATERS, Rossiter L. (Junior, 1903), Hedden Constr. Co., 1 Madison Ave., and /or 
mail, 355 W. 145th St., New York, N. Y. 

WESTERFIELD, George Sumner (Junior, 1903), Mgr. N. O. Branch, The Hoover, 
Owens, Rentschler Co., 315 Hennen Bldg., and 1950 State St., New Orleans, 
La. 

WHITING, 8. B. (1880), Manager, 1880-1882; V. P., 1882-1883, Galloupe’s 
Point, Swampscott, Mass. 

WILLIAMS, Charles Henry (1901; 1904), The Northern Colorado Power Co., 
610 Mercantile Bldg., Denver, Colo. 

WILLIAMSON, Geo. E. (Junior, 1906), Engr. of Works,Union Metallic Cartridge 
Co., 521 Laurel Ave., Bridgeport, Conn. 

WILLIAMSON, Leroy A. (Associate, 1902), 48 Custom House St., Providence, 
mn. i. 

WINTER, Oscar (1906), Box 661, Ensley, Alabama. 

WINTERROWD, W. H. (Junior, 1907), 43 Beersford Pl., Cleveland, O. 

WISEWELL, Francis Henry, Jr. (Junior, 1905), Phelps, Ontario Co., N. Y. 

WOLDENBERG, Izydor (Junior, 1903), 529 W. 150th St., New York, > # 

WOOLSON, Harry Thurber (1907), Ch. Draftsman, Engrg. Dept., Gas Engine & 
Power Co., and Chas L. Seabury & Co., New York, and for mail, Lawton St., 


Lincoln Park, Yonkers, N. Y 
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ADAMS, Walter H. (Junior, 1908), Prof. Mech. Engrg., Imperial Pei- Yang Univ., 
Tiensin, China. 

ALEXANDER, Edward E. (Associate, 1908), Shop Engr., Cooke & Rogers Wks., 
Amer. Loco. Co., and jor mail, 882 E. 29th St., Paterson, N. J. 

ANDERSEN, Johan Marinius (1908), Treas., Albert & J. M. Andersen Mfg. Co., 
289 A St., Boston, Mass. 

BARROWS, Lee Earl (Junior, 1908), Erecting Engr., Dean Steam Pump Co., 
Buffalo, and for mail, P. O. Box 127, Olean, N. Y. 

BASSHOR, Chas. Hazeltine (1908), V. P. and Genl. Mgr., Thomas C. Basshor Co., 
28 Light St., Baltimore, Md. 

BECKSTRAND, Elias H. (1908), Prof. of Mech. Engrg., Univ. of Utah, Salt 
Lake City, Utah. 

BEECHER, J. F. (Associate, 1908), 211 E. Jefferson St., Syracuse, N. Y. 

BENTON, George H. (1908), Mgr., Valve Dept., The Fairbanks Co., New York, 
N. Y., and jor mail, Metuchen, N. J. 

BROWN, Donald 8. (Junior, 1908), Engr., Dayton Hydraulic Mchy. Co., and 
448 Huffman Ave., Dayton, O. 

CARPENTER, Harold Eugene (1908), Supt. of Constr., Astoria Light, Heat 
and Power Co., Astoria, and for mail, 142 E. 27th St., New York, N. Y. 
CHALKLEY, Henry G. (1908), Mgr., and Engr., North American Land & Timber 

Co., and 920 Kirby St., Lake Charles, La. 

CHAPMAN, David Albert (Junior, 1908), Supt. Engr., Woonsocket Elec. Mch. & 
Power Co., 115 Front St., Woonsocket, R. I., and jor mail, 163 Grover Ave., 
Winthrop Highlands, Boston, Mass. 

CLARK, Herbert Hamilton (1908), Mgr., Chas. C. Moore & Co., 321 L. A. Trust 
Bldg., Los Angeles, Cal. 

CLOUDSLEY, David B. (Associate, 1908), Asst. to Ch. Engr., Bureau of Water, 
and for mail, 45 Massachusetts Ave., Buffalo, N. Y. 

COON, Thurlow E. (Junior, 1908), Asst. Registrar, Carnegie Technical Schools, 
303 8. Dilbridge St., Pittsburg, Pa. 

COX, Frederick W. (1908), Asst. Mgr. of Wks., Westinghouse Elec. and Mfg. Co., 
East Pittsburg, Pa. 

CUNNINGHAM, Chas. G. (Asociate, 1908), Engr., N. Y. C. & H.R. R.R. Co. 
Port Morris Power Sta., and for mail, 7 Perot St., Kingsbridge, N. Y. 

DODGE, Albert C. (1908), Asst. Supt., Western Elec. Co., 259 8. Clinton St 
Chicago, Ill. 

D’ORNELLAS, T. V. (Associate, 1907), Elec. Cons. Engr., Peruvian Government, 
Calle de Lima 15, Chorrillos, Peru, 8. A. 

EPPLE, Edward C. (Junior, 1908), Ch. Draftsman, Independent Engr. Co., 50 
Church St., New York, N. Y. 
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FABER, John Pelham (Junior, 1908), Mech. Engr. and Ch. Draftsman, Ransome 
Concrete Mchy. Co., Dunellen, N. J. 
FERRIER, Walter (1908), Asst. to Genl. Supt., Carnegie Steel Co., Donora, Pa 
FESSENDEN, Edwin <A. (Junior, 1908), Asst. Prof. Mech. Engrg., Univ. of 
Missouri, Columbia, Mo 
FREEMAN, Perry John (Junior, 1908), Instr. Mech. Engrg., Univ. of Penn., 
Philadelphia, Pa. 
FULWEILER, John Edwin (Junior, 1908), Asst. in Gas Dept., De La Vergne 
Mch. Co., and jor mail, 235 W. 132d, St., New York, N. Y. 
GIELE, Walter 8. (Junior 1908), Supt., Stoever Fdy. & Mfg. Co., and jor mail, 
Box 295, Myerstown, Pa. 
GILDERSLEEVE, David Hamilton (1908), Sales Mgr., Asst. to the Pres., C. W 
Hunt Co., and for mail, 114 Bement Ave., West New Brighton, N. Y. 
GILL, Lester W. (1908), Prof. Elec. and Mech. Engrg., Queen’s Univ., Kingston 
Ontario, Canada. 
GRAVER, Alexander M. (Junior, 1908), Mech. Engr., Wm. Graver Tank Wks., 
East Chicago, Ind. 
GRETH, J. C. Wm. (1908), Mgr., Water Purifying Dept., Wm. B. Seaife & Sons 
Co., and for mail, 221 First Ave., Pittsburg, Pa 
HARTER, Isaac, Jr. (Associate, 1908), Supt., Babcock & Wilcox Co., Barberton 
q). 
HENDEE, Edward Thomas (Associate, 1908), Mgr., Mchy. Dept., Joseph T. 
Ryerson & Son, and for mail, 1446 Sheridan Road, Chicago, Ill 
HENNEY, David (1908), Service Engr., Westinghouse Church Kerr & Co., 10 
Bridge St., New York, N. Y. 
HERBERT, Jack Stanley (1908), Ch. Engr., Wm. B. Shaffer Engrg. Co., National 
Bank Bldg., Nazareth, Pa. 
HILL, Edgar Logan (Junior, 1908), Asst. Dist. Engr., American Steel and Wire 
Co., and for mail, P. O. Box 553, Worcester, Mass. 
HODGSON, Walter B. (Junior, 1908), Empire State Chemical Co., Athens, Ga 
HOUSUM, Chenoweth (Associate, 1908), Wm. Tod Co., Youngstown, O. 
HOWARD, O. Zell (1908), U. 8. Naval Experiment Sta., and jor mail, 50 Frank 
lin St., Annapolis, Md. 
IL UGHES, Burton Shelley (1908), Cons. Engr., Champion Fibre Co., Canton, N 
C., and Champion Coated Paper Co., and for mail, 316 Ross Ave., Hamilton, O 
HUGHES, Robert G. (1908), Secy. and Mech. Engr., John W. Ferguson Co., and 
jor mail, 152 Market St., Paterson, N. J. 
IVENS, Edmund M. (Junior, 1908), Asst. Mgr., Skinner Eng. Co., and for mail, 
1737 Peters Ave., New Orleans, La. 
JENNINGS, Irving Callendar (Junior, 1908), Asst. Mech. Engr., Grand Central 
Sta. Architects, and for mail, 50 West St., 8. Norwalk, Conn 
JEWETT, Frank N. (1908), Dist. Mgr., Wagner Elec. Mfg. Co., 1625 Marquette 
Bldg., Chicago, II. 
JOHNSON, Charles W. (1908), Ch. Insp., Westinghouse Elec. & Mfg. Co., and 
jor mail, 6823 Thomas Blvd., Pittsburg, Pa. 
JUNGHANS, Edward K. (1908), Prop., Crystal Ice Co., Frederiksted, St. Croix 
rm WwW. 4. 
KELLOGG, Alfred S. (1908), Partner, Richard D. Kimball Co., and for mail, 
Waverly, Mass. 
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KIRKUP, Joseph P. (Junior, 1908), Experimental Engr., Green Fuel Economizer 
Co., 142 2d Ave., and 215 W. 23d St., New York, N. Y. 

LAWRENCE, Howard F. (Junior, 1908), National Tobacco Wks., Branch Ameri- 
can Tobacco Co., Louisville, Ky. 

LEE, Ernest Eugene (Associate, 1908), Asst. Engr., Isthmian Canal Com., 
Culebra, C. Z., Panama, Central America. 

LOEPSINGER, Albert John (Junior, 1908), General Fire Extinguisher Co., and 
jor mail, 41 Atlantic Ave., Providence, R. I. 

McBANE, Walter Watson (Associate, 1908), Designer, William Tod Co., and jo 
mau, 525 Bryson St., Youngstown, O. 

McDEWELL, Horatio 8. (Junior, 1908), Asst. Experimental Engrg., Harvard 
Univ., and for mail, 94 Addington Road, Brookline, Mass 

McDOUGALL, Andrew Horace (1908), Engr., Whiting Fdy. Equipment Co., 
and 15 420 Lexington Ave., Harvey, IIl. 

MARQUIS, Frank W. (Junior, 1908), First Asst., Engrg. Dept., Univ. of IIL, 
and for mail, 705 W. Green St., Urbana, Ill 

MARTIN, Haakon A. (Associate, 1908), Ch. Draftsman, Inv. 5 National Cash 
Register Co., Dayton, O 

MARTIN, Mack (1908), Asst. Prof. Mech. Engrg., Washington State College, and 
121 South St., Pullman, Washington 

MELLOR, Hiram L. (1908), Pres. and Mgr., Lawrence Pump & Eng. Co., and 
jor mail, P. O. Box 70, Lawrence, Mass 

MILLER, Herman G. (1908), Supervising Engr., Clarinda Poultry, Butter and 
Egg Co., Lincoln, Neb 

MILLETT, Kenneth B. (Junior, 1908), Protal Co., Room 8006, 1 Madison Ave 
and for mail, 250 W. 88th St., New York, N. Y. 

MONKS, Archibald G. (Associate, 1908), Partner, Monks & Johnson, 20 Central 
St., Boston, Mass 

MUNSON, Edmund G. (1908), Supt. and Secy . Munson Bros. Co., Utica, N. ¥ 

MYERS, Cornelius T. (Associate, 1908), Asst. Secy. and Treas., Wisconsin Eng 
Co., Corliss, Wis 

O’NEIL, John Francis (1908), Pres., Fulton Iron Wks., 2d and Carr Sts., and 4236 
West Pine Blvd., St. Louis, Mo 

OSBORNE, Charles T. (1908), Mech. Engr., Geo. A. Suter & Co., 114 Wooster 
St., New York, N. Y. 

OULD, John Geo. (Associate, 1908), Supt. and Ch. Engr., Polhemus Memorial 
Clinic, Brooklyn, N. Y. 

PHARR, Eugene A. (1908), Secy., Treas., Asst. Engr., J. N. Pharr & Sons, Ltd., 
Morgan City, La. 

PICKOP, George B. (1908), M. M., P. & F. Corbin, and for mail, 242 Maple St., 
New Britain, Conn. 

PLEASONTON, F. Rodney (Junior, 1908), Austin Teaching Fellow in Engrg., 
Harvard Univ., and jor mail, 2 Symmes St., Roslindale, Mass 

POMEROY, William D. (1908), Genl. Supt., Goulds Mfg. Co., and jor mail, 81 
Cayuga St., Seneca Falls, N. Y 

POULTNEY, John Livingston (1908), Contr. Engr., 112 North Broad St 
Philadelphia, Pa. 

POWELL, William Henry (1908), Genl. Supt., Bullock Elec. Mfg. Co., Cleve- 
land, and 2262 Jefferson Ave., Norwood, 0. 
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PRATT, James Alfred (Associate, 1908), Acting head of Dept., Mch. Shop Prac 
tice, Pratt Inst., Brooklyn, N. Y. 

RATHBUN, Edward (1908), 2d V. P., Rathbun-Jones Engrg. Co., 17 Battery 
Pl., New York, N. Y. 

RICKETTS, Edwin B. (Junior, 1908), New York Edison Co., 666 Ist Ave., 
New York, N. Y. 

ROGERS, Robert W. (Junior, 1908), Jason Bros., 5 Dey St., New York, N. Y. 

ROWE, George F. (1908), Genl. Supt., St. John Pulp and Paper Co., Mispec, N. B., 
Canada. 

SHIELDS, William D. (Junior, 1908), Mech. Engr., Oliver Iron and Steel Co., and 
for mail, Edgeworth, Allegheny Co., Pa. 

SLOCUM, Chester A. (Junior,1907), Long Branch, N. J. 

SMITH, William E. (Junior, 1908), American Loco. Co., Scranton, Pa. 

SOW DEN, Parkin T. (Junior, 1908), 235 Stratford Road, Brooklyn, N. Y. 

SULLIVAN, Howard W. (Junior, 1908), care of A. O'Neill, 611 Bedford Ave., 
Brooklyn, N. Y. 

TAYLOR, Frank H. (1908),V. P., Yale & Towne Mfg. Co., 9 Murray St., New York, 
2 

TRASK, Walter H., Jr. (Junior, 1908), 845 Pennsylvania Ave., Denver, Colo 

TUTTLE, Walter Irving (Junior, 1908), Secy. and Treas., Frank Mossberg Co., 
Attleboro, Mass. 

TYLER, Willard Curtis (Associate, 1908), European Mgr., Keasby & Mattison 
Co.., 218 Caxton House, Sanctuary Westminster, London, 8. W., England. 

WALKER, Perley F. (1908), Prof. of Mech. Engrg., Univ. of Kansas, and jor mail, 
1301 Ohio St., Lawrence, Kan 

WELLBAUM, Arvy Elroy (Junior, 1908), Mech. Engr., The Hydraulic Pressing 
Co., Mt. Gilead, O. 

WHITEFORD, James F. (1908), 281 I St., San Bernardino, Cal. 

WILSON, Archibald H. (Associate, 1908), Asst. Ch. Draftsman, Stone & Webster 
Engrg. Corp., 147 Milk St., Boston, Mass. 

WILSON, Dwight Boyden (1908), Ch. Engr., Denver City Tramway Power Co., 
1408 Platte St., and jor mail, 224 Bannock St., Denver, Colo. 

WITHINGTON, Sidney (Junior, 1908), Asst. in Engrg., Harvard Univ., Cam 
bridge, and for mail, 35 Bay State Road, Boston, Mass. 

WRIGHT, Wm. Quinby (1908), Member, Wright-Plummer Co., Atlas Bldg., 604 
Mission St., San Francisco, Cal. 


ADVANCE IN GRADE 


CRAIN, John J. (1896; 1908), Elec. Engr., Fore River Shipbuilding Co., 86 Revere 
Road, Quincy, Mass 

DE LANCEY, Darragh (1891; 1908), Wks. Mgr., Waterbury Buckle Co.,Water- 
bury, Conn. 

GOULD, Norman J. (1900; 1908), Secy., Gould’s Mfg. Co., and 69 Cayuga St., 
Seneca Falls, N. Y. 

GRIFFITHS, Leonard L. (1905; 1908), Supt., U. 8. Cement Co., and 1027 Lin- 
coln Ave., Bedford, Ind 

HUTSON, Henry L. (1906; 1908), A. M. Lockett & Co., 533 Baronne St., and 
1639 Robert St., New Orleans, La. 
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KERR, Eugene W. (1902; 1908), Prof. of Mech. Engrg., Louisiana State Univ., 
Baton Rouge, La. 

MICHEL, Arthur Eugene (1906; Associate, 1908), Office Mgr., The George H. 
Gibson Co., 1119 Tribune Bldg., New York, N. Y. 

MIXTER, George W. (1899; 1908), Genl. Supt., Deere & Co., Moline, IIl. 

ODE, Randolph Theodore (1901; 1908), Secy., Providence Engrg. Wks., Provi- 
dence, and 557 Fruit Hill Ave., North Providence, R. I. 

RICHMOND, Julian P. W. (1903; Associate, 1908), Asst. Engr., Board of Water 
Supply, 299 Broadway, New York, and Dunwoodie Heights, Yonkers, N. Y. 

SMITH, Ernest L. (1901; 1908), Western Rep., Standard Roller Bearing Co., 
of Philadelphia, 327 Jefferson Ave., Detroit, Mich. 

TERRY, Charles Dutton (1902; 1908), Supt., Western Tube Co., and for mail, 534 
W. Prospect St., Kewanee, IIl. 

TURNER, William Payson (1900; 1908), Prof. Practical Mechs., Purdue Univ., 
Lafayette, Ind. 

WILE, Julius I. (1904; 1908), Wile Power Gas Co., 1688 Columbus Road, Cleve- 
land, O. 

YOUNG, John T. (1900; 1908), Genl. Mgr., Muskegon Traction and Lighting Co., 
and 95 Jefferson St., Muskegon, Mich. 


RESIGNATIONS 


G. L. Backstrom, J. M. Barnay, Frank G. Brown, Jr., Wm. L. Chase, W. Lemuel 
Clark, J. R. Caldwell, John Dick, Donald Enock, J. B. Fleming, H. deF. Hubbard, 
Walter Kirton, J. C. Knight, Joseph Kuhn, P. P. Rooney, Camille A. Lamy, Geo. 
H. Lilley, J. H. Pitkin, Wm. M. Power, C. Reeves, W. C. Swift, H. Van Atta, Jos. 
D. Wallace. 


DEATHS 
F. C. Warman, Ferdinand Phillips, H. W. Cake, Sterling B. Cox, Fred N. Fow- 


ler, Frederick A. Johnson,Wm. Anson Pearson, Edward F. Schaefer, Joseph Stone, 
Harris Tabor. 
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